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PREFACE 

THE present study first took partial form as a doctoral dissertation 
(presented in 1931) upon the aluminum monopoly in the United 
States. Thereafter, the scope of the inquiry was widened to in
elude market control in Europe and international relations in this 
industry. It was my hope that study of the industry in Europe, 
where producers have at times competed and at times united in 
cartel organization, might enable a surer assessment of the market 
results here, where there has been but one producer of primary 
aluminum, as well as furnish some conclusions about the conse
quences of cartel control and of "oligopoly," to use Professor 
Chamberlin's expression for the condition where sellers are few, 
which appear to be the practicable alternatives in this industry. 
The grant of a traveling fellowship for the year 1931-32 from the 
Social Science Research Council gave me the opportunity to study 
in Germany, France, and Switzerland, where much of the material 
for the analysis of European experience was gathered. Since then 
nearly all of the original thesis has been completely revised in ac
cordance with changes in the conception of some of. the problems 
involved and in the light of additional material; and an attempt 
has been made to unify the analysis of both American and Euro
pean experience relating to the fundamental problems presented 
by the alternative possible mixtures of competitive and monopolis
tic elements in this industry. 

I have benefited much from conversations with many officials 
of companies engaged in producing aluminum or its products in 
various countries. In accordance with their wishes, acknowledg
ment is made anonymously, and the information and ideas which 
they have contributed appear without citation. The following 
gentlemen have provided me with courteous and valuable assist
ance: Mr. Richard Whitely, attorney for the Federal Trade Com
mission; Messrs. Furness and McGrath of the Bureau of Foreign 

. and Domestic Commerce; Dr. Martin Doering of the Verein der 
deutschen Maschinenbauanstalten in Berlin; Dr. Thews and Dr. 
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Regensburg, Berlin journalists; Dr. Josten of the Reichswirt
schaftsministerium; Dr. Apfelstiidt of the Statistisches Reichs
amt; Dr. Rudolf Schwarzmann of the Statistisches Amt in Bern; 
and M. Thibaud of the Ministere des Travaux Publics in Paris. 

lowe much to Professors Taussig and Ripley, whose encourage
ment and guidance were of great aid in carrying the project through 
the troublesome early stages. Professors W. L. Crum and A. P. 
Usher of the Department of Economics and Professors R. S. Mer
iam and Samuel S. Stratton of the Graduate School of Business 
Administration of Harvard University have aided me with valu
able criticism. I have also benefited from the suggestions of mem
bers of two discussion groups at Harvard to whom I presented 
in their original form parts of the analysis of Chapters XV, XVI, 
and XX. My greatest debts are to Professor Edward Chamberlin, 
as will be apparent to all who are familiar with his Theory of Mo
nopolistic Competition (Cambridge, 1933), and to Professor Ed
ward Mason, whose thinking upon the sort of problems treated in 
this book has exercised an immeasurable influence upon my ideas. 
Responsibility for the views expressed in this volume is, of course, 
entirely my own. 

I am indebted to the Bureau of International Research of Har
vard University and Radcliffe College for permission to I'eproduce 
here much of the material contained in my chapter on aluminum 
contributed to the study entitled International Control in the 
Nonferrous Metals, directed by Professor W. Y. Elliott, which is 
about to be published by the Bureau as this book goes to press. 
Much of that chapter represents a brief condensation of several 
portions of Parts I-III of the llresent book, and contains several 
tables and charts which are reproduced here in similar or more 
elaborate. form. As a result of better information obtained since 
that chapter was completed some time ago, the statistics and other 
information presented in this book differ in some instances from 
what was given there. 

The major part of the tedious work of preparing the manuscript 
for the press has been done by my wife, who has also assisted in 
proofreading. Her criticism of ideas and expression has aided me 
greatly in many instances. Financial assistance from the A. W. 
Shaw Fund, administered by the Committee on Research in the 
Social Sciences of Harvard University, facilitated the latter stages 
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of preparation of the manuscript. I am very grateful to Miss Mar
garet Ballard for her meticulous care in this part of the work. 

Statistics of production and foreign trade in aluminum ordina
rily appear in pounds or short tons for the United States and in 
metric tons or long tons for Europe. In order to facilitate compari
son I have reduced the figures for all countries to a metric ton 
basis. In Part IV, which deals only with relations within the alu
minum industry of the United States, the pound unit has been re
tained. 

My original hope of making the book equally understandable to 
the economist and to the general reader, whose lack of familiarity 
with the tools of economic analysis is overborne by an interest in 
the nature of modem market processes, is not, I fear, well realized. 
The endeavor to put certain parts of the argument in non-technical 
language has resulted in a style of exposition demanding the for
bearance of the trained economist, to whom it will seem unduly te
dious and awkward; while a frank resort to technical exposition in 
those parts dealing with more complicated phases of the problem 
requires the forgiveness of others. 

For the benefit of the general reader I wish to stress the fact that 
many words and phrases of ordinary language are here used in 
the special meanings given to them in economics, and, in some in
stances, with a particular sense of my OWD. I hope I have avoided 
misunderstanding by defining terms in cases where ambiguity 
seemed to threaten. It should be quite clear that, unless otherwise 
specified, the word "monopoly" in all its forms has been used in an 
economic sense - signifying complete control of supply, or suffi
cient control to affect appreciably the fundamental market rela
tions between investment, output, price, earnings, and demand
and not in the legal sense attached to it by the antitrust laws of the 
United States. Such terms as "discrimination" and "unfair meth
ods of competition" are also used with particular economic mean
ings rather than their legal meanings, except where the contrary 
is stated. Questions of discrimination in the aluminum price struc
ture have not been related to the Robinson-Patman Act, which was 
passed after most of the analysis of discrimination had been con
cluded. 

In several instances terms which sound quite "academic," such 
as "ideal investment" and "best utilization," have been employed 
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in order to give precision to the analysis. The reader must not 
draw the mistaken inference that it is implied that ideal conditions 
can necessarily be obtained under some form of market control. 
Such phrases are merely technical terms used to designate certain 
market relationships which represent useful standards by which 
to measure the results of different sorts of market control. 

The present work is an attempt to appraise critically the limited 
material bearing upon several important economic problems. In
asmuch as the material available has proved in some respects in
adequate, the statements in the text must be regarded merely as 
the considered judgments of the author. I also wish to make it 
plain that the economic conclusions are not intended to express any 
moral or ethical judgment on the conduct of persons in this indus
try. At the present time an understanding of economic processes 
sufficient to distinguish those business policies which promote gen
eral economic welfare from those which tend in the opposite direc
tion is not widespread enough to exert any very salutary influence 
upon the general scale of moral values and standards of conduct. 

One symptom of the tardy appreciation of the range of alterna
tive mixtures of competitive and monopolistic elements in modem 
markets is the absence of any term for .the structure of market 
forces which does not imply the predominance of either competi
tive or monopolistic elements_~ I have used the term "market con
trol" to fill this gap. In this sense market control may be of various 
types, ranging from pure competition to single-firm monopoly. The 
phrase selected is not entirely satisfactory, for it is often conven
ient to employ it, as I have sometimesd.one, in the older and more 
limited sense of substantial monopoly control. . 

Those who are chiefly interested in the reasons for existence in 
the aluminum industry of a few producers only will find a unified 
treatment of this topic in Part II. The main conclusions about the 
actual results of oligopoly in this industry are contained in Chap
ters XII-XIV. The analysis in these chapters will be better un
derstood if Chapter X is also read. Section I of Chapter XV em
bodies a unified theoretical essay comparing the probable results 
of oligopoly and single-firm monopoly under certain assumed con
ditions, the most important of which are a rapid forward move
ment of demand and great uncertainties about the rate of move
ment and the sorts of new adaptations of a basic product that can 
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be made. This section can be read apart from the rest of the book 
by those interested in the pure theory of oligopoly. 

As this book goes to press I discover that Professor Arthur R. 
Burns's new book, The Decline 0/ Competition (New York, 1936), 
contains several ideas about oligopoly under dynamic conditions, 
price stabilization, and the relations between monopoly and ver
tical integration which are similar to ideas worked out here. 

CAlDIIUDGE, KASSACBUSETTS 

December, 1936 
D.H.W. 
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INTRODUCTION 

FOR the student of monopolistic and competitive forces the alumi
num industry presents an unusually interesting specimen. The 
Aluminum Company of America has remained the only producer 
of virgin aluminum ingot in the United States since its organiza
tion in 1888 to work the patent which gave birth to this new in
dustry. The activities of the company affecting the domestic 
market for virgin ingot have never been held, in a final proceed
ing, to violate the antitrust laws, nor does it appear that they 
have infringed accepted notions of business ethics. How explain 
the lack of domestic competitors? Except during periods of de
pression imports over the tariff duty have usually been rather 
small relative to the sales of the domestic firm. No marked separa
tion of ownership and control has existed in the Aluminum 
Company to vitiate direct motivation. Here seems to be an oppor
tunity to test at once the pessimism of the older monopoly theory 
and the optimism infused into the discussion of monopoly by the 
rationalizers. In Europe some degree of competition has existed at 
times in national and international markets, while national mo
nopolies and international cartel control have prevailed for periods 
of several years. Analysis of the consequences of oligopoly and 
of cartel control abroad in this industry may be of interest in this 
country, where the violent death of NRA is not likely to allay the 
appeals for permanent revision of the antitrust laws to permit co
operative self-government of business for "planned" control of 
production and marketing in each industry. 

This study is an inquiry into the nature of monopoly and oli
gopoly, with and without agreements, under dynamic conditions. 
Its purpose is to explain the continued existence of single-firm 
monopolyl of the basic product in the United States and of strong 

lOwing to the presence of foreign producers in the market for virgin aluminum 
in the United States the condition is, strictly speaking, one of oligopoly. Apparently, 
however, the foreign companies have not set up capacity for large exports to this 
countrY; and much of the time their sales here have been quite small. Since we 
have no simple phrase to describe this sort of oligopoly, it will be convenient to 
use the term "single-firm monopoly." 
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monopolistic elements abroad (Part II), to evaluate the con
sequences and assess the relative merits of alternative mixtures 
of . competitive and monopolistic elements (Part III), and to 
examine some of the intricate problems created by the existence 
in some fabricating stages of independents competing with the 
firm or firms from whom they obtain their raw materials (Part 
IV). No attempt is made to consider the effects of monopolistic 
elements upon labor, bankers, different classes of investors; no 
questions are raised concerning working conditions or the division 
of gross earnings among all those who have claims to a part. The 
chapters in Part I are designed to give sufficient knowledge of 
technology, markets, public relations, and international relations 
for the analysis which follows. Two chapters upon the early his
tory of scientific discovery and inventive activity centering about 
aluminum are printed as Appendices A and B in the hope that 
others may share my lively interest in this hitherto neglected 
chapter of economic history. 

The study was undertaken with the aim of adding to our 
knowledge of the workings and results of competitive and monopo
listic forces in present-day economic organization. I share with 
many others the belief that we need more studies of the different 
mixtures of competitive and monopolistic forces in particular in
dustries, of the various sorts of markets which make up that part 
of the economy in which the conditions of pure competition-that 
is, complete absence of monopoly elements-are not even approx
imated. Unfortunately it has been impossible in the present study 
to reach aSsured conclusions upon several points. In large degree 
this has been due to inability to obtain adequate and accurate in
formation; but the limitations of economic method and the un
avoidable employment of hypothesis mUst bear part of the respon
sibility. With the exception of some financial and technical data, 
little information of basic economic importance has been volun
tarily published by the aluminum companies. In the last ten 
years there has appeared a tendency towards more publicity on 
the part of the Aluminum Company of America and some of the 
other firms. 'They do not yet, however, ordinarily give out the 
sort of information required for analysis of the kind of questions 
raised in this' book. Government reports and the records of 
private litigation contain a large amount of information, but 
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much of it is inadequate for the treatment of such questions. The 
material available in trade and scientific journals and the year
books of private organizations falls far short of remedying this 
lack. For statistical data on production and capacity it has been 
necessary to rely largely upon the estimates appearing in such 
sources. Requests addressed directly to the aluminum companies 
have yielded some important information; but the companies 
have been unwilling to give me the sort of data desired for many 
parts of this study, doubtless partly through fear that disclosure 
of such information might hurt their business. Even the sketch 
of the historical development of the industry has suffered from the 
lack of information of certain sorts. While there is a vast liter
ature in trade and scientific journals dealing with the technical 
aspects of aluminum, few articles attempt to survey the changing 
industrial importance of this metal or to provide the quantitative 
materials for such study. Finally, it is particularly unfortunate 
that the government investigations of the position and competitive 
methods of the Aluminum Company of America in the fabricating 
stages of the industry do not provide sufficient information of the 
sort required to resolve the true economic issues. 

Furthermore, it must be recognized that economic method has 
not yet designed tools of analysis keen enough to dissect neatly 
the results of various mixtures of competitive and monopolistic 
forces operating under the dynamic conditions of the real world. 
Until the recent advances made by Professor Chamberlin, Mrs. 
Robinson, and others forced recognition of the limitations of 
theoretical analysis based upon assumptions of pure competition, 
most students of the kind of problems treatea in this book had 
employed the apparatus of purely competitive theory (if not 
indeed of perfectly competitive theoryl) to block out the ques
tions or issues for factual study. The most serious shortcoming 
of this procedure was the conception of evils of monopoly as evils 
in the sense of much less desirable results than would accrue with 
pure or simple competition. The obvious requirements of com
parison between the consequences of monopolistic forces and the 
results of some kind of competitive control were met by comparing 
the former with the outcome under hypothetical conditions of 
pure competition. Actually, however, the choice which public 
policy must usually make is between alternative mixtures of com-
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petitive and monopolistic elements, with or without different sorts 
of public control. The conditions of pure competition are neither 
a practicable nor a desirable alternative in many industries. For, 
although the great size attained by many industrial corporations 
is doubtless to be explained in substantial part by considerations 
of "power politics," advances in the technique of capital and ad
ministration have extended the most efficient scale for a firm in 
many industries to the point where it produces a sufficient portion 
of the total output to affect price or quality by its policy. Under 
these circumstances the appropriate comparison is between the 
results of simple oligopoly, oligopoly with agreements, single-firm 
monopoly, and each of these with different sorts of government 
control. Since the outcome with oligopoly may, as Professor 
Chamberlin has shown, vary all the way from that of pure com
petition to that of monopoly, the older measuring stick of "com
petitive" results turns out to be an elastic rodl It is necessary to 
study the particular sorts of market control which represent real 
alternatives to those actually in existence, to compare them with 
the latter, and to determine as well as can be which is best. It is 
plain, I think, that the technique for economic analysis of concrete 
problems of this kind needs improvement. It is my hope that 
the present volume may be of some stimulus to others who are in
terested in redesigning analytical tools for' future study of these 
questions. ' . 

I had hoped to be able to deal more adequately with the issue 
of progressiveness. Unfortunately, difficulties 'with evaluation 
of standards and inability to obtain adequate 'material have 
made it impossible to devote to this problem the amount of space 
which its importance warrants. Treatment of this issue has been 
limited for the most' part to consideration of progressiveness in 
the development of new alloys, fabricating processes, and finished 
goods. ,'., -

In sev~ial instanc~s, particularly in Part IV, the problems pre
sented by ~oncrete situations which were of relatively little im
portance have been subjected to detailed analysis because of the 
significance of the principles involved. Since government agencies 
often failed, in my judgment, to use correct principles in their 
analysis of competitive methods, it seemed important to devote 
considerable space to the development of the proper principles. 
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No plan for economic reform in the aluminum industry is ad
vocated here. More adequate information is required to deter
mine whether the undesirable consequences of the existing types of 
market control are of sufficient magnitude to make some sort of 
change worth while. Moreover, examination of the more purely 
governmental problems attending various kinds of public control 
- a task for which the economist is often not well fitted - is nec-' 
essary before any final pronouncement on the relative merits of 
alternative schemes for improvement. In Chapters XV and XX, 
however, I have considered the economic problems presented by 
different devices for bettering the relations between investment, 
output, and demand in this industry, and have appraised the 
relative merits of the several alternatives according to economic 
considerations. In this analysis some schemes, particularly of 
government regulation in the narrow sense, have been discussed 
in detail which their seeming impracticability might not appear 
to warrant. But it is of the utmost importance to realize fully the 
breadth and complexity of the problems and the extent of detail in 
measurements and in policies which would be required for success
ful regulation. We must recognize that in an industry of this 
sort regulation according to simple rules is not likely to produce 
desirable results and that serious difficulties are to be encountered 
in the formulation and administration of complex rules. 



PART I 

mSTORICAL DEVELOPMENT 



CHAPTER I 

DEVELOPMENT OF MARKETS, .1888-1914 

I. SILVER FROM CLAY 

IN THE year 1854 there was called to the attention of Napoleon 
III a new metal which came to be popularly known as "silver from 
clay." The interest of the Emperor was caught by the possibility 
that aluminum, as the professors called it, might lighten as well as 
brighten the accoutrements of his army. He granted a liberal sum 
for the research necessary to perfect its manufacture. Although 
Napoleon's hope of its military serviceability was not realized 
until after his death, presumably the Prince Imperial enjoyed his 
aluminum rattle, and for a few years aluminum jewelry by 
Christofle was quite fashionable. Knives and forks of the new 
metal appeared at court banquets. The king of Siam wore an 
aluminum watch charm. Yet the new "silver" was nearly twice 
as abundant as iron, for aluminum constitutes almost eight per 
cent of the earth's crust and is exceeded in amount only by the 
elements oxygen and silicon. What parlldox of supply and de
mand could elevate a substance existing in every clay bank to a 
position in the scale of values close behind the noble metals? The 
answer lay in the exceeding difficulty of reducing aluminum, which 
occurs nowhere in a free state, from its compounds. Indeed, so 
great is its tenacity for oxygen, with which it is usually combined 
in nature, that definite ascertainment of the existence of this 
element a century ago confirmed only the surmises of a few men 
of science. Ordinary smelting methods which had made iron, 
copper, tin, and other metals useful articles of man's world for 
several centuries were unavaiIing to obtain pure aluminum. Not 
only was it impossible to deprive aluminum of its oxygen by smelt
ing wfth carbon or other common agents at the temperature attain
able in the fuel furnace; even if this could have been accomplished 
the resulting aluminum would not have been pure enough for com
mercial uses. Silicon, iron, titanium, and other substances con
tained in the common aluminum ores, can be more easily reduced 
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than aluminum itself. Moreover, carbon smelting would have 
yielded only useless carbides. It was a very expensive chemical 
process which finally brought forth a small-scale aluminum in
dustry in the late fifties. For thirty years thereafter the metal 
was used only in rings, brooches, statuettes, and other ornaments, 
and sold for about twelve dollars a poUnd. 

The reduction of aluminum from its association with the noble 
metals and its affinity for "conspicuous consumption" to a com
monplace metal of mass consumption was accomplished by elec
trochemistry. And it was the search for a cheaper process of re
ducing aluminum which played the chief part in an outburst of 
experimentation and practical application in electrochemistry, be
ginning about 1880, the revolutionary consequences of which 
emerged in an extensive array of new products and processes. In
dustrial accomplishments in electrochemistry could not appear 
until the perfection of the dynamo, which occurred during the 
seventies; but scientific research and formulation of the general 
principles governing the relations of electric currents to chemical 
changes began with the science of electricity and proceeded 
throughout the nineteenth century. The electrochemical revolu
tion consisted in the successful economic adaptation of these 
general principles to particular problems through further scientific 
investigation and practical industrial experiment.1 

The introduction of an effective dynamo gave'a great impetus 
to experiment with electrometallurgical and electrochemical 
methods of reducing highly refractory metallic compounds. Dur
ing the eighties a host of inventors in America and Europe turned 
their attention to the "silver from clay" which still excited interest 
at expositions and commanded a price of twelve to fifteen dollars 
a pound. The possibility of discovering an electric key to unlock 
this abundant treasure must have been no less exciting to these 
inventors than the. alluring dreams, of synthetic gold which had 
earlier ,fired the alchemists. The more visionary saw the unfolding 
of an Aluminum Age in which the light metal would revolutionize 
transport, construction, and architecture. ., 

In 1886' a successful process of/electrolytic reduction was dis-

1 A description of the early history of scientific discovery and invention as 
related to aluminum, and the repercussions of this work in other branches of 
electrochemistry, is given in Appendix A. 
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covered independently by Charles M. Hall in the United States 
and M. Paul L. T. Heroult in France. Two years later the Pitts
burgh Reduction Company, which subsequently became the 
Aluminum Company of America, was formed by Hall and several 
Pittsburgh capitalists to produce aluminum commercially.2 For 
some years aluminum-copper alloys had been produced in the 
electric furnace by the Cowles Electric Smelting and Aluminum 
Company of Cleveland, which had been responsible for important 
pioneer work in the development of the electric furnace. The 
Cowles brothers had experimented for several years upon the pro
duction of pure aluminum and had made an optional agreement 
with Hall in 1887 to buy his patent if he were able to demonstrate 
by work at their plant that his process could be satisfactorily 
adapted to commercial operation. They allowed the option to 
lapse, after which Hall found support in Pittsburgh. In 1891, 
perceiving that future profits lay in the production of pure alu
minum rather than the none-too-serviceable alloys which they had 
been making, the Cowleses began to produce aluminum by an elec
trolytic process essentially the same as that of Hall. An infringe
ment suit was decided against them in 1893. Determined to par
ticipate in the commercial success of the new metal, the Cowleses 
now countered with a suit alleging that the Hall process infringed 
a broad process patent issued to C. S. Bradley, possession of which 
they had secured by a combination of shrewdness, luck, and per
sistent litigation. This suit was finally decided in f.!lvor of the 
Cowles company by the Circuit Court of Appeals in 1903. It was 
held that the Bradley patent, application for which had preceded 
the filing of Hall's application, specified one essential element of 
the process which was not included in Hall's patent.' As the 
situation stood after this decision neither the Pittsburgh Reduc
tion Company nor the Cowles firm could legally produce alu
minum by the only successful method known without obtaining a 
license from the other. 

Had the stalemate been resolved by a cross-licensing agreement, 
there might have been two established producers of aluminum in 
the United States when the basic patents expired. The Cowleses, 

'Mr. A. W. MelloD aDd Mr. R. B. MelloD became stockholders of the compallY 
"beD ita capital was eDlarged two or three yean after ita formatioD. 

'The palmt litigatiOD is described iD Appmdix B. 
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who were perhaps better fitted to enter this industry than any 
other group of men in the country, except Mr. Hall and his asso
ciates, decided, however, to withdraw with a lump-sum payment 
and annual royalties. The result of the patent litigation itself, as 
well as the decision of the Cowleses to refrain from entering the in
dustry, helped' to preserve monopoly in the United States. The 
Hall patents expired in 1906 during the boom of 1905-1907. The 
Bradley patent, which had not been issued until nearly ten years 
after the filing of the original application, endured, however, until 
1909. The period of legal monopoly was thus carried through 
the boom, when competition might have developed, while the 
company gained an additional three years in which to fortify its 
position so strongly that fresh capital and enterprise did not enter 
the industry after expiration of the patent. 

The Heroult process, which was in all essentials the same as 
that of Hall, was first operated commercially in 1889 at Neu
hausen, Switzerland, by the Aluminium Industrie A. G., a company 
formed by Swiss industrial interests and the Deutsche Edison 
Gesellschaft (later the Allgemeine Elektrizitatsgesellscbaft). 
Electrolytic production of aluminum was undertaken at the same 
time in France by the Societe Electrometallurgique Franc;aise, 
which was founded by Heroult with the aid of the Neuhausen 
firm. The British Aluminium Company purchased the Heroult 
patent for Great Britain and began operations in Scotland in 1896. 
About the same time the French -chemical firm which had pro
duced aluminum for thirty years by the old chemical process en
gaged in electrolytic reduction under Hall's French' patent. No 
other enterprises were established Until after the 'expiration of the 
basic patents. 

The efforts of inventors to discover a more economical method 
of obtaining aluminum have not yet borne fruit in commercial 
application. The Hall and Heroult process was essentially too 
simple to permit patentable modifications or variations upon the 
basis of which competing firms could be established during the 
life of those two patents. It was as if a law of nature had decreed 
that the intense competition of many would-be parents should 
yield a single type of child fitted for survival, while man-made 
law prohibited imitation during its youth. The competition of 
inventors issued in monopoly of production. 
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The chapters in Part I contain a brief history of the aluminum 

industry in America and Europe from 1890 to the present. The 
development of the American industry will be surveyed in some 
detail. While a somewhat larger degree of monopolistic market 
control has obtained here than abroad, the developments in tech
nology, industrial structure, and uses have been quite similar on 
both sides of the Atlantic. Hence, treatment of the European in
dustry may be limited to a brief description of the enterprises and 
to a consideration of the chief differences in the development 
abroad. 

A description of the processes by which bauxite is converted 
into consumable aluminum goods will be presented before the for
tunes of the Pittsburgh Reduction Company are taken Up.4 With 
a few exceptions, which will be noted in due course, no funda
mental alterations of process or apparatus have occurred since the 
birth of the industry. Bauxite, the ore from which aluminum is 
produced, is a mixture of hydrated oxides of aluminum containing 
silica, ferric oxide, and other impurities. Since the contained 
metals are separated from oxygen with less difficulty than alu
minum, they will, unless removed previously, appear in the alu
minum after electrolytic reduction, rendering it unfit for use. 
Hence the bauxite must be submitted to a refining process which 
yields alumina (aluminum oxide) that is almost entirely free from 
such impurities. The Bayer alumina process, which was univer
sally employed until quite recently and is still used in most works, 
involves a complex set of operations consisting of digestion of 
bauxite with caustic soda, filtration, precipitation, calcining, and 
cooling. 

After being pulverized the alumina is sent to the reduction 
plant, which contains scores of electrolytic cells. Each cell or pot 
consists of a relatively small rectangular steel or iron box, lined 
with a layer of hard-baked carbon which forms the negative elec
trode, with connections made to the metal casing. Carbon anodes 
are suspended from a copper bus bar running above the pots. The 
anodes, of which there are several, are adjustable, so that the dis
tance which they project into the bath may be regulated. Oper
ations are started by placing in the cell certain fluoride salts 

• The operations of the various stages in this conversion are described in more 
detail in Chap. VW. 
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(chiefly cryolite and fluorspar), in which alumina dissolves readily, 
lowering the anodes until they touch the carbon lining, and turning 
the current on. As the bath material melts, more is added until 
the required volume is secured, and the anodes are withdrawn 
from direct connection with the cathode: Alumina is then dumped 
in, and electroiytic action begins as soon as the alumina is in solu
tion. Reducti9n ensues according to the equation Al2 Os = 
2AI + 30. Since aluminum is of lower specific gravity than the 
bath at the operating temperature, it collects at the bottom of the 
furnace, where it is tapped off. The oxygen combines at the 
anodes to form carbon monoxide and, upon escape into the air, 
carbon dioxide. As the anodes are gradually burned away they 
are pushed into the bath and finally replaced. A layer of pow
dered carbon is kept on the top of the bath as insulation to prevent 
heat losses and danger to workmen. The process has always been 
operated continuously, alumina being added as needed. Large 
currents in amperes at low voltage are sent through a line of re
duction cells arranged in "series."5 The metal obtained is re
melted after analysis and cast into pigs or ingots. The succeeding 
operations of rolling, drawing, stamping, casting, and forging are 
familiar enough to need no further comment. Later sections will 
describe the various sorts of alloys and products which have been 
developed. . 

2. EARLY MARKETING DIFFICULTIES 

The patent litigation mentioned in the first chapter would not 
have been pushed so strenuously had the prospects of the Pitts
burgh Reduction Company been less favorable. The early years 
of this firm's life exhibited a steady growth which was to prove 
characteristic of its later experience. This period was occupied 
with the typical problems of perfecting the technique of industrial 
operation and developing markets. . Frequent breakdowns of the 
electrical apparatus, which was still in its infancy, impeded pro
duction. The tips and armatures of the dynamos often burned 
out. Caking and clogging of the electrolytic bath presented a two-

• Eight thousand and thirty thousand seem to he the minimum and maximum 
amperage limits. The current is sent through a line of cells (each taking 5 to 'I 
volts) because it is not economical to generate electricity at low voltages. 
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fold problem. Current efficiency was lessened, and the aluminum 
contained occluded gases or impurities reduced from the bath or 
the electrodes. The latter necessitated the development of a satis
factory process of making these carbons. This was one of the 
first steps in integration. Perfecting of technique resulted in an 
improvement in the qUality of the aluminum and a reduction in 
cost. In 1892 it was said that tons of metal were being turned 
out containing over 99 per cent aluminum, but that only a few 
hundred pounds had ever exceeded 99.75 per cent.s 

In its first decade the new company found its progress beset 
with serious marketing problems. 'When production was started 
aluminum was selling for about ten dollars a pound. Very small 
amounts produced by the old chemical process were used in the 
making of jewelry and a variety of novelty articles. This market 
was easily captured when electrolytic aluminum was offered at 
five dollars, but it provided no basis for a growing industry. Years 
before the Cowleses were declared victorious in the patent struggle 
they had been definitely vanquished in the commercial arena. 
Founders who had been purchasing the Cowles aluminum alloys 
discovered that the desired proportions for alloys could be more 
closely controlled by melting pure aluminum with the other con
stituents. Here again, however, there existed no developed 
market of sizable dimensions. The Cowles alloys had been sold 
for less than a decade. There was almost no body of experience 
regarding the uses of aluminum alloys, or the methods of their 
casting. Engineers, founders, and manufacturers were in almost 
complete ignorance in these respects.' 

In I890 a price of two dollars a pound in half-ton lots was 
quoted in an attempt to widen the market. Shortly thereafter Mr. 
Hall wrote to a friend: 

The mention of $2 in I,ooo-pound lots didn't seem to interest anyone. I 
know a good many people look at it as a big guy, and they have reason to do 
80, as they know that the total consumption of aluminum in the U. S. has 
hardly been 1,000 pounds a year. People have said we didn't have 1,000 

• E. P. Allen, in ClUtier! M(JgaiN, I, 301 (February 1892). The metallic con
tent of aluminum Is measured by what is called the "dilference" method-the 
amount of impurities is determined by chemical analysis, and the dilference is 
assumed to be the quantity of aluminum. 

'Dr. Leonard Waldo, in Tr(JflJlICUtnU 0/ 'M .,4111ericall lfUUlu'. 0/ EledriaJl 
EltgiNIr!, vm, 414 ff. (May 1891). 
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pounds. They were wrong, but they might have said, that so far as the 
users of aluminum were concerned, practically no one wanted 1,000 pounds.· 

The chief problem was to develop new uses. The ready-made 
demand was small; aluminum had never heretofore competed with 
the older metals, copper, tin, brass, zinc; steel, which it must par
tially replace if a substantial market were to come into being. Al
most every demand for aluminum had to be won in contest with 
well-established metals of which the qualities and suitabilities for 
specific purposes were well known. A campaign of demonstration 
and education could not bear immediate fruit. In the interim 
the steel industry provided a source of ~expanding consumption. 
A few years before the establishment of the electrolytic industry 
it had been discovered in Europe that the addition of minute quan
tities of aluminum to molten steel resulted in more complete de
oxidation, thus improving quality by reducing blow holes and 
occluded gases. Within a few years the use of aluminum had be
come general practice in the making of steel, cast iron, and the 
"Mitis" castings of wrought iron.9 For four or five years after 
1889 a large part of the output of the Pittsburgh firm was taken 
by the iron and steel industry. 

With the exception of this market, aluminum could hardly be 
sold in ingot form. At first attempts were made to interest 
foundries, roIling mills, and wire-drawing plants in the use of 
aluminum, but inertia and ignorance proved more powerful than 
curiosity. Moreover, as subsequent experience demonstrated, the 
working of aluminum required methods different from the em
pirical rules developed by long experience for ,the casting and 
roIling of brass, copper, and steel. A representative of the com
pany tells us that 

lack of familiarity with the metallurgical Characteristics of the light metalled 
to blisters, slivers, blow holes, and every ill to which metal fabrication. is heir. 

• J. D. Edwards, F. C. Frary, and Zay Jeffries, The Aluminum Industry: Alu
minum and. Its Production (New York: McGraw-Hill. Book Company, I930), p. 
25. This volume will be designated hereafter as Aluminum Industry, I. A second 
volume, Thea Aluminum Industry: Aluminum Products and Their Fabrication, will 
be cited as Aluminum Industry, n. 

• Bureau of Mines, Mineral Resources of the United States (1882), p. 220 (here~ 
after cited as MR). J. W. Richards, Aluminium (Philadelphia, I896), pp. 575 if. 
Also aluminum soon replaced magnesium in making 'nickel and was used in the 
production of brass. ~ , 
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Scrap losses and returned shipments were often greater than the metal that 
could be utilir.ed. .. 

Modem methods of technical research were almost nonexistent at 
this time. Hence, although troubles were painfully apparent, 
remedies were uncertain. In some respects the members of the 
company were quite as ignorant as the userS of metals. This was 
particularly true of alloys, with which experimentation was begun 
early because pure aluminum did not possess the strength or stiff
ness required for many purposes. Aluminum received a bad name 
in several industries during the nineties owing to its attempted 
application to uses for which it was not fitted or to application 
before research had developed proper methods of working and 
suitable alloys for specific uses.ll A few years of this sort of ex
perience were sufficient to convince the company that the cam
paign of demonstration and education must include fabrication. 
A foundry, a wire-d.rawing plant, and equipment for rolling sheets 
and fabricating shapes and tubing were soon installed at New 
Kensington. By the middle nineties this policy had begun to bear 
fruit. Several cooking-utensil companies were established about 
1893. In heat conductivity aluminum is exceeded only by silver, 
copper, and gold. This advantage, combined with its untamish
ability, lightness, and resistance to corrosion by organic acids, won 
a rapidly developing market, which soon absorbed more aluminum 
than the steel industry. It appears that between a third and a 
half of the total output of the middle nineties went into cooking 
utensils, and about half this amount to the steel industry.12 While 
the cooking-utensil industry continued to be the largest market 

• ,U-m...lMIU'ry, u,4-
.. III addition to the igDonmce and inertia described, the company was troubled by 

the circulation of many crtravagant, erroneous, and misleading claims by inventors 
of remarkably cheap processes for aluminum production. See an article by Mr. 
Hunt, the praideDt of the company, in E.~f aM J(ilrinf IlIf'rMl, LI, 280, 
llarda 1891 (hereafter EM]). During its early life the AI""""",,, World rendered 
cood service in pointing out both the misconceptions and the truth about the use
fulnes of the DeW metal. The members of the company itself, Mr. Hunt in par
ticular, published many articIrs in the trade and scientific journals and presented 
speeches before trade conYaltioas and scientific sodeties. The limitations of alu
minum as -n as its advantages were carefuDy aplaiDed in this campaign of edu
cation. 

.. Estimates of mODthIy consumption in these two markets were given in the 
A'-__ World, U, 147-l.4I (April 18<)6). 
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until the turn of the century, other new demands appeared every 
year. Aluminum was substituted for expensive lithographic stones 
with the advantage of greater durability and a saving of two-thirds 
of the original cost.13 Characteristic of subsequent development 
was the broadening range of products which took smaller amounts. 
Among these were bicycle parts, reflectors in locomotive head
lights, cameras, flashlight powder, semaphores, bathtubs. Alu
minum leaf, beaten after rolling, had nearly superseded silver foil 
in decorative art work. The Smith pressure casting process had 
been successfully adapted for art work. Aluminum plates on the 
Herreschoff Defender of 1895 provoked a stormy controversy, in 
which the conservative tendencies of certain high navy officials 
became a standing joke. Difficulties with corrosion and soldering 
prevented the use of aluminum in countless employments, how
ever, for many years. The fact that aluminum is electropositive to 
most metals resulted in corrosion and in the failure of soldered 
joints through galvanic action when the presence of moisture 
acted as an electrolyte between aluminum and the metals ad
jacent to it or alloyed with it. Many early trials of aluminum 
boats or boat fittings failed after a time for this reason. 

The success of the introductory market campaign is evidenced 
by the expansion of the company. The output of the Pittsburgh 
plant in 1890 was 58,000 pounds. Four years later 550,000 pounds 
were produced in the works at New Kensington, to which op
erations had been transferred to take advantage of natural gas, 
which provided cheaper power. In 1895 the company moved to 
Niagara Falls and there became the first customer of the Niagara 
Power Company, which was just completing the first large hydro
electric development in the UnitedStates.14 The production of 
ingot at New Kensington was abandoned in the following year, 
when the second of two reduction plants built at Niagara Falls 

,. This use exerted an important influence· upon the improvement of early fab
ricating methods because large sheets withsul'faces as nearly perfect as possible 
were demanded. . 

HSince 15-17 h.p. hours were required to produce one pound of metal, the com
pany would probably have used cheap water power from the start had it been 
avaiJable. The Niagara Power Company agreed to furnish current transformed to 
suit the aluminum firm, a service which was evidently not accorded to others, for 
eighteen dollars per h.p. year, a rate which appears to have been no higher, at least, 
than the rate made to other industrial consumers (Electrochemical Industry, I, 1902, 

P.49). 
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went into operation.u Output reached 1,300,000 pounds in 1896 
and jumped to 4,000,000 pounds in 1897. 

Cost reductions incident to the perfecting of technique and to 
cheaper energy were reflected to some extent in the course of 
prices. A short price war, precipitated by the temporary appear
ance of the Cowles firm as a seller of pure aluminum, had reduced 
the price to about 50 cents a pound in 1891.111 For the next two 
years it fluctuated in the neighborhood of 75 cents. In the suc
ceeding years the quotation was several times reduced, until it 
came to rest in 1899 at 33 cents, where it remained until the boom 
beginning in 1905. 

The principal developments of the first eight or nine years of 
the electrolytic aluminum industry were these. Technical prob
lems incident to the perfection of the Hall process in industrial 
application had been solved, or were well on the way toward solu
tion. The market of the small-scale aluminum industry existing 
when the Pittsburgh Reduction Company began production had 
been captured and, of more importance, new demands for the 
metal had been created by an intensive campaign of familiariza
tion. A steady and rather rapid growth in production was enabled 
by the widening markets. With the move to cheaper power at 
Niagara Falls the company embarked on a policy of greatly en
larging capacity and lowering prices to develop markets for its 
bounding production. Evidently this was the beginning of a cam
paign to invade the markets of the common metals, iron, copper, 
brass, steel, and zinc, which had been touched but superficially 
heretofore. 

In the following ten or fifteen years it was shown that the new 
metal could compete successfully with many of its predecessors. 
Aluminum invaded the field of electric transmission lines, and 
captured a goodly share of the demand from the youthful auto
mobile industry. But the potential market in the general engineer-

• The New KmsingtOD plaDt was therafter devoted to rolliDg, drawiDg, aDd 
ItampiDc. A few years later the maDufacture of cookiDg utmsils was beguu at that 
Jocatioa. 

• Prices civea here are for No. I alumiDum iDgots ill lou lots or Ofti'. No. I 
iugot was at first guarauUed Ofti' 911 per cmt pure. ID the late DiDeties this was 
cIumged to Ofti' 99 per cmt aDd a little later to 99.75 per cmt. Prices of NO.2 iDgot 
ad of fabricated products usually cIumged with that of No. I iugoL Records of 
prices are to be fouud ill TIN MittmIliJUlus&ry, MittmIl Res_us, aDd the trade 
joumals. 
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ing trades was n.ot appreciably developed until much later. Tw.o 
.other important developments were soon to appear. In the 
middle nineties the c.ompany initiated a program .of vertical inte
gration which continued through the first decade .of the new cen
tury. At the same time horizontal expansion contributed to the en
trenchment of its position as the single domestic producer of virgin 
ingot. This two-dimensional growth will be described in the next 
chapter after we review the further development of markets which 
made it possible. 

3. TRANSMISSION LINES AND THE AUT.oM.oBILE 

Writing in The Mineral Industry for 1909, Professor J. W. 
Richards remarked that 

aluminium seems finally to have attained a position among commercial metals 
where it is treated entirely on its merits. In the early days of the industry 
the claims for aluminium with regard to its noncorrosive qualities, lightness, 
and other distinguishing characteristics, were so exaggerated that it failed to 
measure up to expectations thus created. It was tried in many uses to which 
it was not suited, and a reaction occurred, so that the real merits which the 
metal possesses have been somewhat discounted for a number of years. 
This condition no longer exists and today aluminium is ranked among metals 
according to its real value. 

The new metal had finally gained a f.oothold in competition with 
the c.ommon metals of the present industrial civilization in those 
uses for which its true qualities were well adapted. Its adolescent 
growth was the result .of the determined marketing crusade .of the 
Pittsburgh firm, accompanied by an, .al~eration in its "real value" 
in quite a different sense from that meant by Profess.or Richards. 
Marked increases in the pric~s .of .other ~metals in the late nineties 
and again after 1904 aff.orded an .opportunity f.or the aluminum 
producer to .obtain a hearing by Jreeping its price down. The atten
ti.on ()(metal users was caught, and they began to learn that alu
minuni,W!lS quite suitable for many employments. 

Aluminum wire, which was among the fabricated articles pro
duced by the Pittsburgh Reduction C.ompany, apparently com
manded little attention until the late nineties, when a rise in the 
price .of c.opper facilitated its ad.opti.on for electric transmissi.on 
cables. Alth.ough N.o. 1 ing.ot aluminum was s.old for about 33 
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cents per pound between 1899 and 1904, the company inaugurated 
in 1898 a special price for aluminum conductors of 29 cents a 
pound, delivered at the point of consumption.17 Since copper was 
then selling at 14 cents, this put the two metals just about on a par 
with regard to cost, as will be explained in a moment. Sales of 
aluminum wire aggregated 1,300,000 pounds in 1898.18 The first 
important contract for installation was completed early in that 
year with the erection of a forty-six-mile three-phase line for the 
Standard Electric Company of California. Several large installa
tions were projected or completed by the end of 1899.19 

The outstanding advantage of aluminum transmission lines is 
their lightness, which permits the use of lighter towers and sup
ports and diminishes the costs of construction. The same volume 
of aluminum weighs only 30 per cent as much as copper. For an 
aluminum transmission line of the same size as one of copper only 
three-tenths as many pounds would be needed. The electrical 
conductivity of hard-drawn aluminum wire is, however, only about 
63 per cent of that of commercial copper wire, so a conductor of 
approximately S9 per cent greater area in a unit of length is re
quired to give equal conductivity.zo This means, of course, that the 
weight of an aluminum line of equal conductivity is a little less 
than half (about 48 per cent) that of a copper conductor.21 Dis
regarding other factors for the moment, it is obvious that when 
aluminum is twice the price of copper per pound a slight advan
tage exists for the former. 

During the early years of the present century the aluminum 
producer maintained a marked price-differential in its favor, with 
the result that the white metal made substantial inroads upon the 
transmission field. Unfortunately few statistics are available to 
show the extent of this invasion. Perrine stated in 1902 that alu
minum had already passed through the experimental stage and was 

II ,U ..... _ WIIJ'ld, IV, 81 (February 18gB). 
-MI, YlI, 24 (J8gB). 
- A list of these is givm by J. B. C. Kershaw, MI, YDI, 23 ( J899). 
-The figures are taken from Al ....... lrulru'ry, n, 70J-702; and R. J. Ander-

IOn, TN JlelGll"'fY D/ AI""';";'. _rul AlII .... Alloys (New York, 1925), pp. 
286-287. They relate to preseat conditiollS. F. A. C. Perrine, ill his CDrulflclDrs IDr 
Elecma.l Dis'rilndunl, first published ill 1902, gives figures di1feriDg but little which 
he derived from tests on commercial alumiDum. 

-J59 x 0,3 =47·'· 



16 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

thoroughly established as a conductor materiaP2 Out of sales 
totaling 6,426,000 pounds of aluminum in all forms in 1903 wire 
accounted for 2,385,000 pounds or 37 per cent.23 By 1908 fifty-six 
transmission lines had been equipped with aluminum cable in the 
United States, a fact which resulted in the consumption of several 
thousand tons of the light metal.24 

Whenever great strength was required aluminum conductor was 
still at a disadvantage. In 1908 William Hoopes, electrical en
gineer of the Aluminum Company, removed this handicap by in
venting a new type of cable which consisted of aluminum strands 
spiraled around a core of high-grade galvanized steel. The whole 
of the weight advantage was not sacrificed to greater strength.25 
A steel-cored, six-stranded cable equal in conductivity to a pure 
copper line weighed only 80 per cent as much as the latter and 
possessed 57 per cent greater strength.26 Meeting with a favorable 
reception as soon as it appeared upon the market, the reinforced 
cable was used increasingly in subsequent years. It was said 
in 1912 that about 20 per cent of annual ingot production, or 
roughly 7 to 8 million pounds, was being sold in the form of 
wire.27 In this field aluminum had become a recognized member 
of the family of common metals before the World War. 

To a lesser extent it was beginning to be substituted for tin, 
brass, and bronze, and for copper in uses other than electric cable. 
The figures of Table 1 show that price ratios were altered in favor 
of aluminum during the upward thr!lst of the business cycle.28 

II op. cit., p. 14. .. A.luminum Industry, II, 6 . 
.. ]. B. C. Kershaw, Electro-metallurgy (London, 1908), p. 34 . 
.. Obviously the proportionate weight of aluminum to copper for equivalent 

electrical conductivity for a given distance was not affected. The price ratio of 2-1 

was lessened by the cost of the steel. 
.. MI, xxm, 22 (1914). Among other advantages are the following. The steel

cored conductor generally gives smaller inductance than develops in copper be
cause the current does not Bow readily in the core. Current leakage into the air, or 
"corona," as it is called, which has become important with high-tension lines in high 
altitudes, is lessened and sometimes eliminated by the use of aluminum conductors 
because of the larger diameter. 

"'EM], XCIV, 529 (September 1912) • 
.. The Pittsburgh Reduction Company had initiated a campaign of competition 

with brass in 1897 by lowering its prices on sheet and calling attention to the fact 
that, on a volume basis, aluminum sheet was cheaper. See advertisements in the 
A.luminum World during 1897 and the following years, and editorial, ibid., IV, 7 
(1897). A few years earlier the company had introduced a special casting alloy to 
compete with brass, which was offered at a "development price." 
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TABLE I 

AVERAGE YEARLY PuCES OP ALUMINUM AND PuCE RATIOS OF ALUMINUM 
AND OTHER NONFERROUS METALS IN THE UNITED STATES, 1900-1907 

Year Average Price of 99 Per PRICE RATIOS 
Cent Aluminum Ingot Aluminum Aluminum Aluminum 

(emts ler P0t4nd) to Copper to Tin to Zinc 

1900 33 2.04 1.10 7·51 
1901 33 2.05 1.24 S.n 
1902 33 2.S4 1.23 6.82 
1903 33 2·50 1.17 6·36 
1904 33 2.58 I.IS 6.69 
1905 35 2.24 I.n 6.n 
1906 36 1.88 0.98 5·95 
1907 42 2.10 1.10 7-23 

Indifference ratios 3·30 2·70 2.60 

A comparison of the relative prices per unit of volume is more significant 
with respect to most employments of aluminum and the other metals than 
comparison of prices per pound. The table includes "indifference ratios," i.e., 
the ratios of the prices per pound of aluminum and the other metals at which 
equal volumes of aluminum and each of the other metals would cost the same 
sum. The term "indifference" here applies only to equivalence of prices per 
unit of volume. Naturally each metal possesses certain superior qualities for 
lOme uses. 

The aluminum prices are quotations of the Aluminum Company as reported 
in the Mineral/ndust", and Mineral Resources 0/ the United States. Average 
yearly prices for the other metals have been taken from the Yearbook 0/ the 
Americall Bureau 0/ Metal Statistics. They are prices of electrolytic copper 

, at New York, tin at New York, zinc at New York for 1900-1902, thereafter at 
St. Louis. 

Aided by more adequate knowledge and less misinformation about 
the white metal, users could adapt it more intelligently to their 
purposes; and undoubtedly they contributed much in return to 
the general store of knowledge. It is impossible to estimate the ex
tent to which aluminum invaded these markets." Evidently the 
established metals did not suffer much, but aluminum had caught a 
foothold. In general, the uses in which it was beginning to be sub
stituted for brass, zinc, tin, and iron were in machinery, where 

• TIN JliMraI lullS", and trade joumals glow with vague and uninforming 
enthusiasm. 
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light weight is important, particularly in reciprocating parts; in 
electrical apparatus; in vats, tanks, and vessels employed in fruit 
preserving, wine making, brewing, the manufacture of linseed oil, 
varnish, stearic acid, sugar refining, explosives, rubber, and sev
eral chemical products.30 In th~ latter .uses aluminum has repaid 
principal and interest upon the chemical research which gave it 
birth. Aluminum foil began to be used for wrapping food prod
ucts.31 The manufacture of vats, tanks, and pans, and the produc
tion of castings were encouraged by the development of successful 
welding of joints with the aid of the new oxyacetylene burner. 
(Aluminum had heretofore been denied many uses because of the 
very great difficulties of soldering or welding it.) Aluminum paints 
were introduced about 1900. Calorizing, or the formation of a sur
face alloy of aluminum on ferrous or nonferrous metals and alloys, 
was first developed in 19II. The calorizing of steel pipe, engine 
pistons, and other apparatus gives greater protection from heat 
and air, because the aluminum surface becomes covered with a thin 
film of aluminum oxide when exposed to the air. A violent explo
sive called "ammonal," consisting of ammonium nitrate and alumi
num powder, was discovered in 1901 and was used in mining until 
the World War bestowed upon it a wider field of endeavor. Ex
truded shapes and tubing began to have fairly large consumption 
after 1910. . 

Before introducing the automobile there remains to be men
tioned one new use for aluminum which immediately developed a 
high importance in the metal trades, even though it never took 
large amounts of aluminum. It had long been kIiown. that alumi
num, because of its exceedingly great affinity for oxygen, could re
duce many other metals from their oxides. Such reduction could 
only occur at extremely high temperatures and proceeded with ex
plosive violence. Shortly before 1900 Dr. Hans Goldschmidt of 
Germany discovered that it was only necessary to start the· reac
tion at one point of the mixture of aluminum and the pxide of an-

.. Its advantage in chemical employments is freedom from corrosive action of 
foods and many chemicals. In general, aluminum is resistant to organic acids and 
neutral organic solutions, but it is attacked by most inorganic acids, alkaline media, 
or solutions of the salts of heavy metals. ~ . 

11 It was said that aluminum could be rolled so thin that eight times as much 
foil could be made from aluminum as from an equivalent weight of tin. See Tariff 
Hearings, 1908-1909, House Doc. no. 141, 60 Cong., 2 Sess., p. 2268. 
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other metal, since the heat evolved by reduction at that point was 
sufficient to raise the adjacent portions to the temperature of reac
tion, and the reduction proceeded cumulatively. Dr. Goldschmidt 
used barium peroxide to ignite the mixture. A temperature of 
about 3000° centigrade was at~ned in this process. One of the 
principal applications of the "thermit" process, as it was called, 
was in the production of pure chromium and manganese, which 
were found to improve the qualities of steel alloys. Vanadium, 
tungsten, molybdenum, and others of the rarer metals were also 
produced comparatively cheaply, by this process. More recently 
the most important use of thermit reduction has been in the pro
duction of vanadium alloys. Since the early years of the century 
thermit-der Bocho/en in der Westentasche-has been em
ployed extensively for the welding of rails, propeller shafts, beams, 
and so on. 

During the period covered by this chapter the older uses of 
aluminum continued to expand, and, as has been shown, many new 
employments were added. However, none of these markets pos
sessed the significance for the industry which attended the adop
tion of the metal by the early "horseless carriage." It was the 
growth of large-scale production of automobiles which enabled the 
output of aluminum to expand so rapidly before the World War, 
and motor-car production absorbed nearly half of the output for 
many years thereafter. Furthermore, the automobile gave a strong 
stimulus to the study of aluminum alloys. Spurred by the added 
influence of aviation and the war, the development of particular al
loys for specific purposes has become the dominant trend in the 
more recent history of this industry. 

It was apparent to motor-car manufacturers at the start that the 
light weight of aluminum would be advantageous in vehicle con
struction. Since the low relative strength and the softness of the 
pure metal constituted a bar to this use, the Pittsburgh Reduction 
Company directed more attention to the production of aluminum 
alloys. A few copper and zinc alloys of aluminum were developed, 
possessing greater strength, more stiffness, hardness, and more 
elasticity than the pure metal.az With a price advantage over some 

• The tensile strength of annealed commercial pure aluminum is about 14,000 
Iba. per square inch. The early a1uminum-copper binary and ternary alloys showed 
a tensile strength of about 15,000 to 20,000 lb!. per square inch if properly cast. 
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of the older metals, castings fro~ these alloys immediately met 
with a hearty reception from motor-car builders which more than 
compensated for the lack of any real enthusiasm in the metal 
trades in general. Mentioning the automobile in 1900 for the first 
time, the Mineral Industry reported thlJ.t in France the use of alu
minum alloys for motor-car construction had already gone beyond 
the experimental stage. The same year marked the beginning of 

.. the use of substantial quantities of aluminum for this purpose in 
the United States.ss The second automobile show in New York 
(1901) exhibited much aluminum in parts such as casings or 
housings, where no great strength was required. The demand for 
aluminum alloys for casting such parts grew par. passu with the 
increase in motor-car production. 

In general the same parts for which aluminum was originally 
adopted by car manufacturers continued to be made of this metal 
for more than a decade. Typical parts were the crankcase, gearset 
housing, rear-axle housing cover, fan cowl, oil pan, bonnet sides, . 
and various housings and caps throughout the assembly.s4 By 1914 
about 80 per cent of the cars made in this country contained alu
minum crankcases and gear cases, Lower raw material costs of 
iron and bronze castings, the lack of knowledge concerning the 
properties of aluminum alloys, and the unfamiliarity with its cast
ing qualities were offset by its weight advantage and' the ease of 
machining aluminum castings. About 90 per cent of the consump
tion of aluminum in automobiles took the form of castings. Some 
cars also adopted aluminum radiators and dash fittings, while alloy 
sheet and extruded moldings were employed to some extent in 
body construction. In 1915 it was estimated that at least one
quarter of the annual production of aluminum was consumed in 
the form of light, stiff alloys, most of which went into motor cars.811 
Table 2 indicates in a general way th~ relative importance of the 
automobile. 

These were the alloys used for casting in 1902, according to the Metal Industry, I, 5 
(January 1903). See 'also ibid., IV, I2 (January 1906). 

-Ibid., VII, 9 (January 19°9). For a description of the early introductions, see 
Aluminum World, VI, 130 (April 1900), and VIII, 177 (June 1902) • 

.. J. E. Schipper, "Aluminum-a Feather Weight," Automobile, XXX, 673 ff. 
(March 1914). 

-Ibid. 
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TABLE 2 

PER CENT OF ALVMINt1K SOLD IN DIFFERENT FORMS IN THE UNITED STATES 

IN CERTAIN YEARS 

Form 

Ingots ..................................... -93.0 
Wire ...................................... 0.5 
Sheet ...................................... 4.5 
Other finished forms ........................ . 

29 
37 
34 

1912 

35 
20 

45 

Percentages for 1893 and 1903 are calculated from sales figures of the 
company given in Aillminum Industry, II, 6. Percentages for 1912 are the 
result of "expert estimates," EM], XCIV, 529 (1912). For 1893 and 1903 
sheet should be considered to include goods fabricated from sheet. 

In 1893 the company was just entering upon fabrication. The 
extent to which it went into this and the large demand for wire are 
indicated by the 1903 figures. Part of the growth in alloy castings 
is evidenced by the substantial increase in ingot sales in the next 
eight years. The classification "other finished forms" undoubtedly 
includes cast auto parts as well as sheet and its products. By 1915 
some automobile companies were using over a million pounds a 
year, while the requirements of a number of companies ranged in 
the hundred thousands. The airplane and airship had also entered 
the market and were helping to heighten the interest in light alloys, 
although their full influence did not make itself felt until the war 
years. Aluminum did not, however, penetrate farther into the au
tomobile engine until scientific study had developed alloys which 
were capable of replacing the cast-iron piston. 

When the manufacture of motor cars commenced on a large scale, aluminium 
alloys could not be employed for parts that might be stressed in service be
cause of the general non-uniformity and unreliability of such alloys in the 
form of castings . . . specifications, even though quite lax, could not be met 
with certainty, and the light aluMinium alloys were considered, therefore, to be 
unsafe except for use as ornaments, trimmings, oil pans, and as covers for 
some housings in automobile work.Bs 

Before the war only a very few alloys had any wide use. Gen
erally an 8 to 12 per cent copper alloy was employed in automobile 

• Anderson, The Melallurgy 0/ Alumj";um (Henry Carey Baird and Company, 
New York), p. 300. 
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work and for many other uses. Or, if cheaper cost were a neces
sity, or the requirements for strength were greater than for light
ness and elasticity, the maker shifted to a standard zinc alloy. 
There had been almost no development of particular alloys for 
specific purposes. However, experience l;Iad bettered foundry prac
tice. More important, research upon aluminum alloy systems had 
begun, as the following statement testifies. 

The automobile and the aeroplane have forced the aluminum and iron alloys 
to make rapid strides. . • . The physical chemist has started along the way 
of a systematic coordination of certain properties of binary and, in a few 
cases, of tertiary alloys.57 

The adoption of the microscope and pyrometer by some metal 
research workers gave promise of rapid maturity through deter
mination of the constitution of alloys. Without microscopy it 
would have been impossible to deduce, from the knowledge of con
stitution, the properties of various alloys under different conditions 
of heat treatment, quenching, and cold working, even though the 
importance of these operations was empirically known. The re
sults of research were emphatically demonstrated by the introduc
tion, about 1909, of an aluminum alloy comparing favorably with 
mild steel on a strength-weight basis. "Duralumin," as this alloy 
was called, followed the discovery by Alfred Wilm in Germany 
that heat treatment could materially increase the strength of 
wrought alloys. While Wilm ascertained much about the various 
possibilities in heat treatment and their consequences, the subject 
was not thoroughly understood until after the war. 

Another pre-war achievement in the. field of alloys was the de
velopment of die-casting by H. H. Doehler and others~ Pressure
casting through dies produced finished shapes to within.oos of an 
inch of requirements, thus eliminating much of -the machining 
which was necessary with· sand or permanent mold castings. It 
was estimated thai' die-castings were being used in the automobile 
industrylto the extt;.u.t of 900 tons a year in 1915.38 Lastly, the 

.. w. R. Whitney, of the research laboratory of the General Electric Company, 
in a paper printed in Metal Industry, IX, 294 (July 19U). Cf. C. A. Edwards and 
J. H. Andrew before the British Institute of Metals, abstracted in Electrochemical 
and Metallurgical Industry, VII, 493 (1909), and J. E. Schipper, op. cit., p. 676. 

so MI; XXIV, 19 (1915), reporting Charles Pack. in the American Institute of 
Metals, October I, 1915. 
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aluminum alloy piston which was to carry this metal into the mo
tive part of automobile and airplane engines had made its bow in 
racing cars. 

The advent of the motor car directed attention to the possibili
ties of increasing the strength, hardness, stiffness, and elasticity of 
aluminum by alloying it with other metals. A few alloys were de
veloped which enabled the utilization of substantial amounts of 
aluminum in those parts of the automobile engine for which great 
strength was not required. The necessity of employing alloys of 
some sort rather than pure aluminum, and the possibilities of fur
ther widening the field of employment, stimulated the beginnings 
of research upon alloys, which was later to step into the major role 
in the development of the industry. 

Under the influences described in this chapter production ex
panded rapidly in both America and Europe after 1903. Esti
mated output in America grew from 3,200 metric tons in 1900 to 
11,800 tons in 1907 and to 27Aoo tons in 1913. In Europe produc
tion was estimated at 4,100 tons in 1900, 11,800 tons in 1907, and 
36AOO tons in 1913. Estimates of production by countries for the 
years 1890-1935 are given in Table 38. Chart I portrays the 
growth of output between 1900 and 1935. 



CHAPTER II 

INDUSTRIAL STRUCTURE AND MARKET CONTROL 

I. THE ALUMINUM COMPANY OF AMERICA 

THE growth in demand which has just been described was ac
companied by change in industrial structure and the continuance 
of monopoly. It has been explained that the Pittsburgh Reduction 
Company, finding no market for ingot aluminum, had early been 
forced to roll sheet and fabricate sundry articles in order to famil
iarize the metal trades and consumers with the various uses of the 
metal. The company has since continued to carry much of its 
product through the semi-finished stage - sheets, bars, rods, 
tubes, and so on - and to make an ever-growing number of fin
ished products. About 1901, when the United States Aluminum 
Company was incorporated as the principal fabricating subsidiary, 
the production of stamped cooking utensils was undertaken. In 
the sale of this ware the Aluminum Cooking Utensil Company, a 
selling organization formed at the same time, carried .integration 
all the way to the ultimate consumer by inaugurating a scheme of 
selling direct to housewives which it has employed ever since.1 

The next move toward further integration was in the direction 
of raw material. In the first few years alumina had been imported 
from Germany. As it happened, deposits of bauxite were discov
ered in Georgia and Alabama at just about the time when Hall was 
producing his first aluminum. For thirty years or so after 1891 the 
alumina used in aluminum reduction in this country was derived 
chiefly from American bauxite. The Pittsburgh Reduction Com
pany began to acquire bauxite deposits in 1894, when the Georgia 
Bauxite Company, which had been created for this purpose, se
cured several leases in the state for which it was named. For two 

1 Federal Trade Commission, In the Matter oj the Aluminum Company oj 
America, Docket 1335, Record, p. 5233. This docket comprises complaint, answer, 
testimony, exhibits, and briefs in a case before the Commission involving alleged 
unfair methods of competition in the sand-castings and cooking-utensil industries. 
It will hereafter be referred to u FIC Docket 1335. 
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or three years the bauxite was converted into alumina by the Penn
sylvania Salt Company, an independent chemical concern. When 
the first deposits in Georgia and Alabama showed signs of ap
proaching exhaustion the aluminum company transferred its in
terests to the hitherto undeveloped Arkansas field.' In the early 
years of the present century the company secured the large hold
ings in this field which supplied the major part of its ore until after 
the war.' 

The gap between mining and aluminum reduction was closed in 
1902 by the construction of a six-acre plant at East St. Louis for 
refining bauxite to pure alumina, and sometime thereafter a coal 
mine was added to the company's property. In succeeding years 
two short railroads were built by the company to afford trunk-line 
connections for the Arkansas mines and the alumina plant. A load
ing station on the Mississippi provided transshipment facilities for 
carriage of ore to East St. Louis by river boats. For some time the 
company had manufactured a portion of its carbon electrodes at 
Niagara Falls, employing an electric-furnace process patented by 
Mr. Hall. About 1905 the old carbon plant was tom down and re
built as one of the largest electrode factories in the world. Subse
quently the company has made all its own carbons. 

It has been explained that electric power is one of the chief 
items of expense in the manufacture of aluminum. About 1900 the 
company inaugurated a policy, which has continued to the present 
day, of acquiring water-power sites and developing its own energy. 
The first development took place at Shawinigan Falls on the St. 
Maurice River in Canada, where a powerhouse was built near that 
of the Shawinigan Falls Water and Power Company, and a reduc
tion plant was erected to use 5,000 h.p. These facilities were oper
ated by a wholly owned subsidiary, the Northern Aluminum Com-

o pany of Canada. When a third reduction plant was constructed at 

• Deposits had beeR discovered in Arkansas nearly ten yean before, but had not 
beeR used to uy mmt. The failure of the railroads to make rates which reflected 
tbe market competition with the Georgia-Alabama field was partly responsible. See 
.. u ___ WDrld, VI, 46 (February 1900). 

• During tbe few yean which intervened between the slackening of bauxite pro
ductioD in tbe old field ud tbe development of tbe Arkansas deposits French bauxite 
_ used to meet increased demlDds. FortUDate1y, ocean freights were unusually 
cheap at this time. In fact, French bauxite could be laid down, duty ($1 per ton) 
pUd, in cities of tbe East at less thaD the prices at which southern domestic ore 
could be cIe1ivered. See I4I, X. 13 (1900). 
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Niagara Falls about 1906 the Pittsburgh company built a power 
plant located so that its generators were turned by the turbines of 
the Niagara Falls Hydraulic Power and Manufacturing Company. 

In 1903 a ten-acre reduction works and electrode plant were 
completed at Massena, New York, and a wire mill was finished a 
few years later. Energy was taken originally under a long-time 
contract with the St. Lawrence River Power Company, which had 
created an artificial fall on the Grasse River by diverting water 
from the near-by St. Lawrence through a canal three and a half 
miles long. Three years later the power company, which was ex
periencing financial difficulties, sold its entire property, including 
power plant, canal, and water rights, to the aluminum enterprise.4 

Shortly thereafter the capacity of the power plant was doubled. 
Several other electric companies in this district were subsequently 
taken over to assure an unfluctuating supply of energy during the 
ice season.6 

With the purchase of the St. Lawrence River Power Company 
the aluminum firm embarked upon an ambitious power program 
in this region. Extensive riparian rights were purchased along the 
Long Sault section of the St. Lawrence, which is adjacent to Mas
sena, and application was made to the various interested govern
ments for permission to dam the river to develop 800,000 h.p.6 
The New York state legislature granted its permission; but after 
some delay the Canadian government and the United States Con
gress refused permission. Balked in this direction, the Aluminum 
Company turned its attention to th«:! Little Tennessee River:' With 
the purchase of the Knoxville Powe.r ,.Company and individually 
owned tracts, as well as the Union Development Company and the 
Tallassee Power Company, it became the owner of nearly all 
power rights and privileges along a forty-mile stretch of the river 

. 'The power facilities were purchased by a subsidiary created to administer 
them, which exchanged $1>450,000 collateral trust bonds for the entire stock of the 
St. Lawrence River PO'IVer Company. See Moody's Manual, I907-I9II. 

• Most of these companies were small, the principal one being the Hannawa 
Falls Water Power Company. 

• See the testimony of an officer of the comPany before the Ways and Mel!DS 
Committee in Tarilf Hearings, 1912-1913, 62 Cong., 2 sess., House Doc. no. 1447, n. 
1499. The Long Sault Development Company had heen formed to carry out that 
particular part of..the St. Lawrence project. 

'On January I, 1907, the name of the corporation was changed to the Alumi
num Company of America. No change in organization was involved. 
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in the Great Smoky Mountains.s Plans were announced for the 
building of a series of dams to develop 400,000 h.p. 

The company also increased its interest in the castings branch 
of the industry by the ownership of 50 per cent of the stock of the 
Aluminum Castings Company, formed in 1909 as a consolidation 
of several foundry concerns, and the foundry department of the 
United States Aluminum Company. At about this time a plant was 
established at Dover, New Jersey, for the manufacture of alumi
num bronze powder.1I 

Thus by 1910 the Aluminum Company had become a highly in
tegrated concern. The ore produced at its mines was run through 
a crushing, grinding, and drying plant, and then sent to East St. 
Louis, where it was converted into aluminum oxide for the reduc
tion furnaces at Niagara Falls, Massena, and Shawinigan Falls. 
Most of the electricity fed into the reduction cells was generated 
by the company, which also owned a substantial part of the rights 
to the water power which turned its dynamos. A campaign to de
velop water power which would, by comparison, dwarf the output 
of these holdings was being aggressively pushed. Carbon anodes 
and furnace linings were manufactured at Niagara and Massena. 
A substantial portion of the aluminum run into ingots at the reduc
tion plants was later rolled into sheets or rods at Niagara and New 
Kensington; fabricated into tubes, shapes, cooking utensils, or 
other manufactured articles at the latter place; or emerged in the 
form of wire from the drawing plants at Niagara, Massena, and 
New Kensington. A large part of the ingot went to foundries of 
the Castings Company situated in the East and Middle West, and 
a small portion to Dover for the manufacture of aluminum bronze 
powder. Undoubtedly a substantial reduction in cost resulted 
from this vertical control, which brought cheaper power, a better 
quantitative and qualitative adjustment of materials between the 
various stages, and closer touch with markets. 

About 1905 the Aluminum Company embarked upon an exten
sive program of horizontal exp~sion at several stages. Some parts 
of this extension have already been mentioned in connection with 

• Moody', Maaval, 1912, p. 2818. 
• The manufacture of aluminum bronze powder was moved to New Kensing

ton in 1913 with the erection of one of the most complete plants in the world for 
this product. 
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integration. The increase in capital investment from $6,000,000 
in I905 to $30,000,000 at the beginning of I9I3, and to $43,000,-
000 two years later, affords some indication of the extent of hori
zontal expansion, because the major part of the original extensions 
of vertical control over the ore, alumina, and power stages, and 
some branches of the semi-fabricating and finishing stages, had oc
curred before I905.10 One consequence of the rapid expansion was 
that entry into the industry was rendered more difficult "and less 
attractive. Acquisition of a large part of the domestic deposits of 
bauxite suitable for aluminum reduction and restrictive agreements 
with firms receiving bauxite from the Aluminum Company in
creased the obstacles to entry; while rapid extension of operating 
capacity, combined with acquisition of enormous reserves of unde
veloped power, seemed to leave little room for fresh capital and 
enterprise.ll The company had acquired many ore properties in 
the southern field and in Arkansas prior to I905. By I909 pur
chase of the mining subsidiaries of two chemical firms brought the 
bauxite holdings of the Aluminum Company up to a large propor
tion of the domestic ore. A consent decree in I912 did not disturb 
ownership of the deposits. 

In I906 and I907 power and reduction facilities were hardly 
sufficient to satisfy the booming demand. By the beginning of 
I908 the completion of plant which had been building for two or 
three years increased reduction capacity to nearly three times that 
of I9061 It was not until I9I2 that the company was again selling 
as much metal as it could produce. Between I906 and I9I2 power 
rights at the Long Sault and on the Little Tennessee. had been ac
quired. When thebounding sales of I91I and I9I2 seemed to fore
cast a sustained 'upward movement of demand, the company began 
its development in the South with thel erection of a million-dollar 
reduction plant at a company town called Alcoa, built near Mary
ville, Tennessee. A large increase in the Massena works was in 
progress when the Alcoa cells went into operation in I9I4 under 
purchased energy to be used during construction of the first unit 

10 Figures of capital investment for certain years were given by an officer of the 
company (Tarilf Hearings, 1912-1913, pp. 1493 If.). The figure for 1905 appeared in 
a balance sheet in MQody's Manual, 1906, p. 1891. 

U Analysis of the factors contributing to continuance of monopoly is contained in 
Chap. V. Footnote references appearing there are omitted here. 
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of the Cheoah hydroelectric plant. Electrode works, rolling mills, 
and fabricating facilities were greatly extended. For most of the 
time between 1908 and the latter part of 1915, when the abnormal 
war demands began to be felt, the company had in operation, or 
under construction, capacity sufficient to satisfy the market at 
prices considerably lower than it cared to charge. And in the back
ground loomed a potential power development of staggering pro
portions. 

The Bradley patent expired early in 1909 in the middle of a busi
ness depression. By the time that new enterprise might have been 
expected to make its bid a vigorous policy of expansion (which in
cluded the promise of extensive development in Tennessee and 
perhaps at the Long Sault), combined with integration and owner
ship of a large part of the domestic ore suitable for aluminum, 
must have conferred an impressive formidability upon this corpo
ration, information about the earnings and operations of which 
was exceedingly meager. 

Apparently the only determined attempt to enter this industry 
in the United States before the war - and the only new venture 
which has ever reached the stage of building plant - was made by 
a group of experienced French aluminum producers who possessed 
their own bauxite. When the outbreak of the war prevented 
further financing in Europe to complete their partially constructed 
power plant and reduction works in North Carolina, no American 
bankers could be found to supply the necessary capital. The 
stockholders sold out to the Aluminum Company of America, 
which appeared to be the only potential buyer. 

The rapid expansion of the Aluminum Company was financed 
almost altogether out of earnings. While actual income figures for 
this period were not published, calculations of earnings from the 
growth of capital by reinvestment indicate that the company had 
an unusually prosperous record from 1905 to 1912. Large profits 
were facilitated by tariff protection. 12 Commercial production was 

uln 1890 a duty of IS.cents per pound was set on ingot aluminum. The rate 
became 10 cents in 1894. 8 cents in 1897. 7 cents in 1909. and 3 cents in 1913. The 
duty on aluminum manufactures was 35 per cent ad valorem in 1894. In 1897 it 
wu raised to 4S per cent, where it remained until 1913. when rates of 25 per cent, 
IS per cent, and 30 per cent were set for utensils, wire, and other manufactures re
IpeCt.ively. Duties on plates, sheets, bats, etc., were 13 cents per pound in 1897. II 
cents in 1909, and 3~ cents in 1913. 
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started with a capital stock of $1,000,000, part of which repre
sented cash investment, the rest having been exchanged for pat
ents. An officer stated that at the end of 1912 the capital and sur
plus was just over $30,000,000.13 Of this increase, only $1,000,000 

was secured by sale of stock, making the total of capital contrib
uted in this way but $2,000,000.14 Evidently during the twenty
four years, 1889-19I2, there was reinvested out of earnings 
$28,000,000.15 In addition, small cash dividends totaling roughly 
$5,000,000 were paid out to stockholders, bringing the aggregate 
net earnings for the period to something like $33,000,000. 

The company published a balance sheetin 1905, and no securi
ties were sold during the rest of the period under consideration. 
Hence the constant rate of return which would, by reinvestment, 
bring the capital to certain figures at later dates can be· computed. 
Total assets on August 31, 1905, were stated to be about $6,300,-

000.16 The assumption that investment at the beginning of 1905 

was $6,000,000 is probably an overstatement, since this was a good 
year. By the beginning of 1909 capital had increased to $21,000,-

000 at least, and at the end of 19I2 it stood at $30,000,000.17 The 
increase during the four years 1905-1908 would have been accom
plished by earnings at the rate of 37.5 per cent each year, all rein
vested. The growth of investment during 1905-19I2 indicates a 
constant rate of 22.3 per cent. The assumption that capital grew 
at a constant rate during this eight-year period is, of course, not 
valid, as is obvious from the fact that the rate was higher during 
1905-1908. An officer of the company stated that earnings for the 
three or four years ending with 19I2, at least half of which were 
depression years, amounted to 15~17 per cent per annum.18 If the 
company's figures are correct it would appear that the rate of earn
ings in the eight years ending 1912 averaged somewhere in the 
neighborhood of 26 per cent, exclusive of the small amounts paid 

1lI The following figures for capital investment and earnings were given by an 
officer (Tariff Hearings, ~912-1913, p. 1493) . 

.. $600,000 of preferred stock. was sold for cash in 1899 but retired in 1909. 
presumably out of earnings. No bonds were issued until the post-war period. 

'" According to teStimony of an officer all but $2,000,000 of the $30,000,000 of 
capital and surplus in '1912 represented reinvested earnings (Tariff Hearings, IDe. 
cit.). Apparently there were no revaluations of assets upward during this period. 

J4 Moody's Manual, 1907, p. 18S8 • 
.. Tariff Hearings, IDe. cit. '" Ibid. 
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out in dividends. In 1913-1915 the rate of earnings apparently av
eraged about 20 per cent.le If the assets had grown only through 
reinvestment of earnings during the first seventeen years (1889-
1905) of the life of the company, a constant rate of return of about 
I2 per cent would be indicated. As a matter of fact, $1,600,000 

was invested by purchase of securities during this period, so that 
the earnings probably averaged somewhat less. 

2. THE FOUR EUROPEAN PRODUCERS 

Introduction of the European producers affords a convenient 
place for a brief discussion of the conditions of economical alumi
num production. The important materials are electric power, 
bauxite, coal, and caustic soda (used in the preparation of alu
mina), and carbon electrodes. One metric ton of aluminum re
quires three to four h.p. years of electric energy, four to five tons 
of bauxite, four to five tons of coal, a substantial amount of water, 
about one ton of caustic soda, and 0.5 to 0.6 of a ton of elec
trodes - altogether, over ten tons of materials, plus a large quan
tity of power.20 In the absence of large differences in labor and 
capital costs between regions, it is obvious that aluminum could be 
produced at the lowest expense where cheap water power, good 
bauxite, and cheap coal exist in fairly close proximity. There is no 
place in the world, however, where these three are localized within 
a fairly small region.21 The United States possesses all three, but 
they are separated by rather long distances. The same appears to 
be true of Russia. In the southeast of France cheap water power 
is available close to extensive deposits of the best bauxite in the 
world." Coal, however, is dear in France. Before the war and per
haps later, the French producers were able to secure sufficient 
amounts of the cheaper lignite existing in that region to make some 

• See Appendix C. 
-These figures refer to present requirements, which are somewhat lower than 

those of former yean. Four to 5 toDS of bauxite give 2 toDS of alumina, which 
in tum yield I ton of aluminum. If hrown coal is used in the making of alumina, 
coDSumption is at the rate of 10 to u toDS per ton of aluminum. 

• A good discwJsion of the relative advantages of various countries is given by 
R. Pitaval, JFE, XXXII, 88 fl. (July 1923). 

• It has been estimated tbat these deposits contain 60,000,000 toDS of excellent 
ore. See Schoenebeck, DIU Al"mm;"""oU~oble". (BerliD, 1929), p. 24. 
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of their alumina without dear coal. Switzerland and Norway have 
cheap power only; while England and Germany have cheap coal, 
but little inexpensive water power, and almost no bauxite suitable 
for aluminum. Italy has some good bauxite, most of which be
longed to Austria before the war. Austria has water power, while 
several central European and Balkan countries possess good ore. 
Canada has Cheap water power. With the exception of France and 
Russia there is no country of Europe within which the whole pro
cess of aluminum extraction can be carried out as cheaply as is 
possible when the various operations are performed in different 
countries. Outside of France the cheapest water power which is 
well located with respect .to the other materials and the markets of 
aluminum probably exists in Switzerland and Norway, while Ger
many and England have the cheapest and best-located coal. Re
duction plants must, of course, be built close to the source of 
power. It appears to be most economical to locate alumina works 
nearer to coal than to bauxite. In the absence of market restric
tions one would expect that France, Switzerland, and Norway 
would become the largest European producers of aluminum, using 
French bauxite prepared in Germany or England. 

In describing the growth of the European companies it would be 
desirable to present capacity figures in tons per annum - that is, 
the capacity of the existing reduction works when operating with 
the typical energy load. In the absence of such data one must fall 
back upon estimates of installed horsepower, although these fig
ures do not afford a very good indication of the amount of alumi
num which can be produced. The main reason for this is not that 
some of the figures are estimates - the companies have not been· 
so chary with figures of installed energy as with other data. It pro
ceeds rather from two other facts. Owing largely to climatic con
ditions, the maximum power which can be generated varies, often 
greatly, from season to season. Secondly, most of thE( European 
companies use a changing proportion of their total energy for the 
production of goods other than aluminum .. In spite of these diffi
culties, however, the figures given here and in subsequent chapters 
do indicate very roughly the trends of development, for all of the 
important companies normally use more than half their energy for 
aluminum .. It should be understood, however, that unless other
wise specified the figures refer to total installed energy, rather than 
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to the average amount of power which can be generated per unit of 
time, or the amount which is intended for aluminum reduction. 

The rapid development of the aluminum industry in America, 
which has been described, was paralleled abroad, where four com
panies established to work the original patents continued to be the 
most important producers until after the war. As in America, 
these firms were occupied with the perfecting of the industrial ap
plication of the process, integration back to the ore, development 
of markets, and expansion of capacity. The markets for the new 
metal developed in rather similar fashion on both sides of the At
lantic.23 It seems to have found a wider employment in soldiers' 
equipment in Europe and much less extensive use in the form of 
electric cable than in America. For a few years after 1895 the 
aluminum-copper price differential in Europe was favorable to the 
lighter metal. Again in 1907 aluminum was benefited by an unu
sually high price for copper, which resulted in the first substantial 
use of aluminum by the electric industry. Very low aluminum 
prices during the ensuing depression helped to broaden markets. 
The total output of the European firms was a little larger than that 
of the American company until the World War.24 

The Aluminium Industrie A. G. of NeuhatlSen, Switzerland, 
founded by the Schweizerlsche MetaIlurgische Gesellschaft and 
the AEG, held the leading position among the European producers 
for most of the period surveyed in this chapter. The water-power 
plant at Rheinfall in Neuhausen was enlarged to about 4,000 h.p. 
in the nineties.21i Just before the tum of the century two new power 

• Cf. with Chap. I the description of market development in Europe given 
by Adolphe Mind, Tile ProductiMI 0/ Aluminium and Its Industrial Use (New 
York, 11)05), pp. 191-215; Alfred Gautschi, Die Aluminiumindustrie (ZUrich, 1925), 
pp. 31-40; Wilfried Kossmann, Ober die Wirtschajtliclle Entwicklung der Aluminium
iftd"strie (Frankfurt, 1911), pp. 71-'17; C. Dux, Die Aluminium-Industrie-Aktien
,esdlschajt NeuhafUefI "nd 111" Konku"m. GeseUschajtm (Lucerne, 1912), 
pp. erll. 

• Tahle 38 shows estimated production of aluminum in Europe and America. The 
table does not reHect relative consumption after IgoS, because several thousand tons 
a year were exported from Europe to the United States during the years 1909 to 
1913. 

• MOlt of the information about this company presented bere has been obtained 
from the works of Schulthess, Gautschi, Kossmann, Dux, the Minerallndustr" an
nual reports of the company, and an interview with an oBicer of the concern. The 
annual reports for 11)01-1910 are reprinted in Dux, Die Aluminium-lndustrie
AAtieJlgesdlschajt Neuhause •• 
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developments were made at Rheinfelden in Baden and Lend in 
Austria. With the addition of a power plant at Rauris, near Lend, 
and completion of the developments at the other twCi sites, this firm 
had a total of about 24,000 h.p. in I903.26 In I906 the company 
reported that, as a result of acquisition of bauxite deposits in 
southern France, it possessed ore reserves sufficient for many 
years.21 Before 1900 an interest had been secured in the Gold
schmieden alumina works in Silesia, Germany. Subsequently this 
firm was taken over entirely, and another plant, located at Trotha, 
Germany, was purchased. About 1907 a third alumina plant was 
built in Marseilles near the ore. The AIAG began early to make 
other products in addition to aluminum. To the production of cal
cium' carbide, undertaken in the nineties, there was added electric 
steel (produced under Heroult patents) a few years later, and ni
tric acid and nitrogen products about I9IO. The company was ex
ceedingly profitable. While distributing average dividends of 10 

per cent on paid-in share capital in the nineties and 17 per cent in 
the next decade, it reinvested substantial amounts in expanding its 
facilities.28 

For a few years the Societe Electrometallurgique Fran~aise, 
founded at Froges in I888, remained the only producer of alumi
num in France.29 When successful commercial production was as
sured, this company erected a power plant at La Praz on the river 
Are, which was enlarged to about 13,000 h.p. by I900. Extensive 
ore deposits were purchased in the Department of Var. Alumina 
was produced at Gardannes (Bouches duRhone), and carbon elec
trodes were made at Froges and La Praz. In the early nineties 
Minet had produced aluminum ot). a semicommercial'scale in a 
plant at St. Michel-de-Maurienne belonging to Bernard Freres of 
Paris. About I894 the Societe Industrielle de l'Aluminitim was 
formed to operate the Hall process in ,this plant, which was en
larged for commercial production. M. Pechiney of the Compagnie 

.. Annual report, 1903. 
'" Annual report, 1906. 
• See Dux, passim, and the annual reports • 
.. Information concerning the development of the French industry has been 

obtained chiefly from the following sources: Minet. op. cit., pp. 81, 119-122, 139-140; 
MI, passim; MR for 1885; Aluminum Industry, I, chap. III; Kossmann, op. cit.; 
Rudolph Debar, Die Aluminiumindustrie (Brunswick, 1925); and Jean Escard, 
L'Aluminium dans .l'industrie (Paris, 1925). 
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de Produits Chimiques d' Alais et de Ia Camargue - the firm 
which had produced aluminum by Deville's chemical process for 
thirty years prior to the discoveries of Hall and Heroult - was 
finally convinced that electrolytic reduction of pure aluminum 
would be commercially successful. Accordingly, about 1896 the 
Compagnie Alais took over the St. Michel enterprise. As its name 

CHART I 
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nata are from Tables. 25 and 38. 

implies, the Alais firm made various chemicals, among which were 
several electrochemical products, and was equipped to produce 
alumina at its plant at Salindres. It also acquired bauxite reserves 
in the departments of Var and Herault, where the French deposits 
are largely localized.a° These three leading aluminum producers of 
Europe all utilized part of their power for the production of com
modities other than aluminum - Froges made calcium carbide, 
electric steel, and ferro-alloys - shifting the proportions of en
ergy used for the various products in accordance with changes in 

• This company also owued arable lands and vineyards from which it was said 
to eajoy a large revenue. 
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their market conditions. It appears that the two French concerns 
were quite profitable, although they did not equal the enviable 
record of the AIAG.31 

In England the electrolytic process was not used industrially 
until after 1896, when the British Aluminium Company began op
erations in a 3,500 h.p. plant at Foyers, Scotland, under Heroult 
patents obtained from the Schweizerische Metallurgische Gesell
schaft.32 This corporation remained for several years much smaller 
and much less successful financially than its continental associates. 
It was, however, more highly integrated from the start. Irish 
bauxite was first acquired. When this proved to. be of poor qual
ity, the British Aluminium Company joined the owners of French 
ore lands. Low rates charged by English coal ships for back loads 
from Mediterranean ports helped to make the use of French baux
ite economical. An alumina works was established at Larne, Ire
land, and an electrode plant at Greenoch. Castings, sheet, rod, and 
tubing were made in plants of this company located in Milton and 
in Scotland. Unlike the companies on the other side of the Chan
nel, this firm did not go extensively into the production of other 
commodities than aluminum. Five or six years after its birth, fall
ing metal prices and increasing competition from France and Swit
zerland forced default on the debentures which had been used to 
finance a part of the heavy investment in Scotch water power and 
Irish bauxite. After reorganization the company made small prof
its under the helpful influence of an international cartel. It suc
cumbed again during the depression of 19°8-19°9 and was reor
ganized a second time in 1910. 

The first international aluminum cartel was formed by the four 
European producers during. the business recession of 1901, just 
before the Heroult patents were to expire. Under the leadership 
of Neuhausen, whose annual output was double that of the com
bined total of the two French firms, an agreement was reached by 
which home markets were reserved to domestic producers, and the 
competitive market (chiefly Germany) was divided in stipulated 
proportions.S3 A 'minimum price for sales at home and abroad was 

81 See balance sheets and profit accounts given in Kossmanil, op. cit . 
.. Details of the English aluminum industry have been taken from The Mineral 

Industry, Aluminum Industry, I, and the works of Schulthess, Gautschi, and Koss-
mann already cited. .. Gautschi, p. 46; Kossmann, pp. Ill-IU. 
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set from time to time. The Northern Aluminum Company, Cana
dian subsidiary of the Pittsburgh Reduction Company, became a 
member of the association!· The cartel at once increased the Eu
ropean price considerably and raised it higher during the marked 
business upswing of 1904-1907. 

Coincident with the formation of the cartel the Froges and Alais 
concerns began the construction of new power plants (at La Saus
saz and Calypso respectively) which brought their joint produc
tion up to that of Neuhausen by 1906.85 As profits increased in 
1905 and 1906 the cartel members embarked upon extensive pro
grams of expansion. The Neuhausen firm began the development 
of Alpine water power near Chippis in Canton Wallis, which has 
since remained the chief center of this company's activities. In 
1905 installed capacity in the plants at Neuhausen, Rheinfelden, 
and Lend amounted to about 24,000 h.p. Thirty-two thousand 
h.p. was added by a plant on the Navizance completed in 1908; 

and the near-by developments on the Rhone and the Borgne, fin
ished in 19II and 1913, enlarged capacity by 52,000 h.p. and 
35,000 h.p. respectively. 

In France the Compagnie Alais, which operated about 14,000 

h.p. at Calypso and St. Felix, constructed a 20,000 h.p. plant at St. 
]ean-de-Maurienne, which delivered an initial 12,000 h.p. to the 
reduction cells in 1907. Development of 35,000 h.p. at L'Argen
tiere was initiated in 1907 by the Froges concern, which then pos
sessed 20,000-30,000 h.p. at La Praz and La Saussaz. The Argen
tiere powerhouse began to operate three years later. About 1905 

the British Aluminium Company, which was then using 5,000 h.p. 
at Foyers, undertook its first expansion. A 20,000 h.p. plant at 

.. Testimony of an officer of the Aluminum Company in the case of Baush 
Mac," ... Tool Co".pany, Plaintiff-AppeUan, v. A'u".inu". Co".pany 01 A".erica, 
Delmdant-AppeUee, U. S. Circuit Court of Appeals, Second Circuit; Record, fol. 
680. The circuit court remanded this case to the district court for a second trial. 
When the I«Ond trial resulted in a verdict for the plaintiff the Aluminum Company 
appealed the case and gained a reversal in the circuit court. The record of the first 
trial will hereafter be cited as BMTC appellant v. ACOA and that of the second 
trial as BMTC v. ACOA appellant. Much, but not aU, of the two recorda is nearly 
identical. Together they represent the most extensive history of this industry which 
has ever been gathered together in one place. The issues in this case are explained 
below, p. 481. 

• The A1ais concern also acquired about 190' a sman plant at St. FeIix, which 
was apparently abandoned some yean later. Evidently production of aluminum 
at the St. Michel works was discontinued when the Calypso plant began to operate. 
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Kinlochleven, Scotland, was finished in 1907.36 In the preceding 
year the British company had purchased a partially developed 
water power at Stangfjord in Norway. A power plant of about 
5,000 h.p. and reduction works were completed at this location in 
1908. The cartel members possessed altogether about 65,000 to 
70,000 installed h.p. in 1905. By 1908 this had been about 
doubled, and at the outbreak of the World War the total capacity 
of these concerns (including 14,000 h.p. obtained by the British 
Aluminium Company through purchase of an independent Nor
wegian firm) had risen to a little over 300,000 h.p. A substantial 
but varying proportion of this was, however, not used for alumi
num. Total aluminum reduction capacity in Europe was between 
40,000 and 50,000 tons per annum iIi 1914, or somewhat larger 
than capacity in America. 

The development attained by the aluminum industry in 1914 is 
indicated in Table 3. In consulting the table it should be borne 
in mind that the continental companies used a considerable amount 
of power in the production of other electrochemical products. 

The rapid expansion of demand for the new metal which began 
in 1904 and the profitable record of the four established companies 
attracted several new enterprises. Of the seven new firms which 
constructed facilities between 1906 and 1910; three were bought 
by the old companies. The four which. continued independent re
mained quite small. While most of these new firms were relatively 
small, their aggregate capacity, completed or in prospect in 1908, 
represented about half of the total capacity of cartel members. 
Hence their impact upon the price ~t.ructure during the depression, 
which began at the end of 1907, was heavy enough to jeopardize 
market control. With demand for aluminum greatly reduced; the 
cartel attempted to survive by a price reduction of about a third 
early in 1908. When the outsiders continued to undersell and the 
American market lpo,med more and more attractive, be.cause the 
Aluminum Company' apparently intended to stabilize at the 33 
cent price of 190o--:t904, all agreements were dissolved at the end 

.. When this company also purchased power rightS in Switzerland at Orsieres, the 
Aluminium Industrie.,A:;G. objected that the contemplated production there would 
violate the contract of:::r895, by which the British had agreed, in exchange for the 
patent and information upon industrial operation of the process at Neubausen, to 
restrict the use of this to the United Kingdom and its colonies. An exception must 
have been made for Norway, however. 
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of September.aT Price in Europe thereupon fell to less than half 
of the 1907 quotation, while foreign metal began to pour into New 
York in larger and larger quantities. One result of the increased 
investment in Europe and the breakdown of the cartel control of 
price was a tremendous expansion in the use of the new metal. The 
prices of 19°2-19°7 did not return with resumption of prosperity 
and reconstitution of market controI. Continued exportation to' 
America, until war broke out, of a substantial portion of the Euro
pean production was another consequence of the large increase in 
investment in Europe. 

With improvement in business conditions the cartel was again 
set up in 1912. A year earlier the French had formed a domestic 
sales syndicate called l'Aluminium Fran~ais, which included two 
of the new firms.s8 L'Aluminium Franc;ais has represented the 
French concerns in all marketing operations ever since. The new 
international cartel agreement was disrupted by the war, during 
which the AIAG supplied the Central Powers with metal. There is 
no evidence of an agreement between the Europeans and the Alu
minum Company of America governing importation into the United 
States. The latter consented in 19I2 to a decree enjoining it from 
entrance into any agreement curtailing importation of aluminum 
into the United States or affecting the domestic price. 

During the years 1909-1912 the price in the United States was 
affected appreciably by imports from Europe. The apparent pur
pose of the Aluminum Company to stabilize price, after the crisis 
of 19°7, at the 33-cent level of 19°0-19°4 was defeated by the low 
prices quoted on imported metal. Until the Underwood tariff re
duced the duty from 7 cents to 2 cents, the foreign "control" of 
price in the United States was, of course, control only by suffer-

.. At about tbe same time an agreement was made between tbe Canadian sub
sidiary of the Aluminum Company and the Neubausen firm by the terms of wbich 
eales in the United States were reserved to the Aluminum Company of America, 
sales to the governments of Switzerland, Germany, and Austria-Hungary were 
reserved to the AIAG, and the total sales of the Canadian and Swiss companies 
in all other markets were divided according to stipulated terms. It has recently been 
testified that this agreement was canceled by the Northern Aluminum Company in 
the summer of 1911 (BMTC v. ACOA appellant, foJ. 6411). The consent decree of 
1911 contained a clause annuIliDg certain portions of the agreement and enjoining 
similar activities in the future (see Appendix D). The agreement is reprinted as 
Exhibit 18, BMTC v. ACOA, appellant. 

• The Metallgesel\schaft of Frankfurt-am-MaiD, which became the German rep
resentative of I' Aluminium Fran9lis, took part in the organization of this syndicate. 



40 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

TABLE 3 

ESTIMATED CAPACITIES OF ALUMINUM PRODUCERS OF TilE WORLD IN 1914 * 

Company 

AIAG 

Initial 
Year of 

Installed 
Horsepower 

Aluminum in 1914 
Plants Production (Thousands) 

Neuhausen ....... 1889 4·8 
Rheinfelden 1897 6.0 
Lend-Rauris 1898 15·0 
Chippis 

Navizance 1908 32.0 
Rhone ......... 19II 52.0 
Borgne ......... 1913 35·0 

Total ......................... 144.8 

Gebriider Giulini 
Martigny ......... 1910 3.0 

Reduction 
Capacity 

(Thousands 
0/ Metric Tons) 

Total for Swiss companies . ..... : ....... 147.8 15-20 

Societe Froges 

Total 

La Praz "', ..... . 
La Saussaz , ...... . 
L'Argentiere ..... . 

13·0 
17·0 
35·0 

65·0 

* The information upon plants and installed horsepower of the European 
companies has been taken chiefly from Schulthess and Gautschi. The latter 
prints somewhat the same type of table, pp. 18-20. Figures given by these 
two have been checked as far as possible in other sources and revised when the 
weight of testimony was against them. Estimates of capacities of European 
,reduction works have been made from consideration of the estimates of others, 
particularly Bannert, Barut, Escard, and Echo des Mines (reported in the 
Economist, LXXXIV, 775, 1917), of maximum production during 1912-1914, 
and of other relevantinformation. Estimates of installed horsepower and re
duction capacity of American works have \>een made from study of estimates 
published in trade journals and annual reviews and of probable power require
ments in years when plants were worked to capacity. 
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TABLE 3 - Continued 

Company Plants 

Initial Installed 
Year of Horsepower 

Aluminum in 1914 
Production (Thousands) 

Reduction 
Capacity 

(Thousands 
of Metric Tons) 

Compagnie Alais 
St. Felix . . . . . . . . .. 1902 2.0 
Calypso .......... 1905 16.0 

St. Jean de 
Maurienne . . . . . . 1907 20.0 

Auzat ............ 1908 12.0 t 
Chedde .......... 1906 13.0 t 

Total 
Societe d'£lectrochimie 

Premont ......... 1906 10.0 
Total Jo,. F,.ench companies . . . . . . . . . . . .. 138.0 

British Aluminium Company 
Foyers ........... 1896 
Kin10chleven ...... 1907 
Stangfjord ........ 1908 
Vigelands ........ 1909 

Total 

6.0 
20.0 
5·0 

Aluminium Corporation 
Dolgarrog ........ 1908 7.0 

Total Jo,. B,.itish companies ... . . . . . . . . .. 52.0 
Societa ltaliana per la Fabricazione dell' Alluminio 

Bussi ............ 1907 5·0 5·0 
Total Jo,. Europe ...................... 342.8 

Aluminum Company of America 
Niagara Falls ..... 1895 50.0 
Massena ......... 1903 55.0 
Alcoa ............ 1914 20.0 
Shawinigan Falls .. 1901 40.0 

Total ......................... 165.0 165·0 * 
Total Jo,. Wo,.ld ...................... 507.8 

15-18 

!)-II 

35 
75-85 

t The Compagnie Alais acquired the works at Auzat and Chedde from out
siders in 1914 and 1916 respectively. * By 1917 American capacity had doubled as a result of expansion of facil
ities in the United States, while that of the leading European firms had in
creased but little. 
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ance of the Aluminum Company, which was making liberal de
pression profits.89 Evidently the American company preferred to 
take the chance that the loss of some of its market would be tem;. 
porary, and to use tl,le foreign invasion as a plea for retention of 
tariff protection.40 Reluctance to lower prices in 1907-1908 and to 
raise quotations'late in 1912, when a sudden spurt exhausted its 
stocks, indicates a disposition towards price stabilization 41 which 
has continued, although the stability of 1912 might be explained by 
a desire to induce the domestic market to "go native" once more, 
or a wish to appear in a favorable light before the Congressional 
committees, which might raise unpleasant questions . 

.. See above, p. 30 . 

.. The nature of the testimony in the 1913 tariff hearings suggests this conclusion. 
See brief of the Aluminum Company of America and testimony, Tariff Hearings, 
1912- 1913. 

"Cf. remarks of an officer, Tariff Hearings, op. cit., pp. 1485-I486 •. 



CHAPTERm 

RESEARCH AND MARKETS, 1915-1935 

I. THE WAll STDroLUS 

A DETAILED history of aluminum during the World War is with
out the compass of this study. The present section will merely 
note the significance of the war for the development of the indus
try. The appearance of a war demand for this metal was signaled 
by the jump in the New York open market price from 20 cents to 
60 cents in the latter half of 1915.1 Although imports had dimin
ished to almost nothing, the increasing requirements of the bellig
erents could not be satisfied at home, so the European demand for 
American aluminum mounted steadily during the next year. With 
imports stopped and the output of Shawinigan commandeered by 
the Canadian government, the Aluminum Company's capacity, 
now doubled over that of 1913, was scarcely able to meet the 
booming home demand of 1916, occasioned by the heightened busi
ness activity. Until the United States entered the war, the com
pany sold principally to the domestic market at contract prices 
equal to about half the open market figure. At these prices it ap
parently earned about 30 per cent on its investment in 1916. The 
exceptional prices for export metal turned attention for the first 
time to the recovery of scrap aluminum upon a substantial scale, 
with the result that many producers of "remelt" sprang up. 

In France and England it was impossible under war conditions 
to expand plant for aluminum production. Det Norske Nitridak-

• The Aluminum Company of America bas always made a large part of its sales 
011 IoDg-time CODtI'acts (i.e .. coDtracb for six mODths or a year). Imported metal is 
IOld to a large otmt in the same way. The "OpeD market" in aluminum is com
prised of rdatiwly smaD amoUDts of imported metal, "remelt," and portioDS of 
CODtract purchases available for resale. UDtiI the substantial scrap recovery of recent 
years the OpeD market was of little importance, except in a few years of distns 
imports. OpeD market dea1iDgs are "spot" sales; there has Dever been aD organized 
future market in aluminum. OpeD market prices have, at times, diverged from the 
contnct prices of the Aluminum Company because the latter did Dot adjust its 
quotations to the demand coDditioDS felt in the OpeD market. The most striking 
iDstaDce of this was in 1915 and 1916. In Europe sales are abo made largely OD long
time contracts, and there are DO organized future markets. 
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tieselskab, a Norwegian corporation financed by French capital, 
which had started to produce a little aluminum just prior to the 
outbreak of war, was taken over by the Compagnie Alais. Plant 
was rapidly extended,2 but total production d~ring the war re
mained relatiyely small. The chief part of the burden of supply
ing the immense requirements of the Allied governments fell upon 
the Aluminum Company of America. The Neuhausen concern 
sold most of its metal to the German government, which also built 
aluminum works of its own as rapidly as possible. The govern
ments of nearly all belligerent countries assumed control of the 
utilization and price of this new war material. 

After the entry of the United States into the war in 1917 pro
duction was increasingly diverted from the markets of peace to 
military uses. Owing to the inelasticity of the power facilities for 
aluminum reduction, which was increased by abnormal labor con
ditions and the heavy claims upon the construction industries for 
more obvious war needs, this was the only way in which the un
precedented demands for the metal could be even partially satis
fied. When the war program of the United States got into full 
swing the government was using 63 per cent of the domestic sup
ply, and 27 per cent was going to the Allies or into indirect war 
uses.3 Yet in spite of this diversion'.a considerable ~xpansion of 
facilities was required to produce a substantial portion of the 
amounts called for by ambitious government plans. Purchases of 
power for the Maryville and Massena cells were increased, and 
work upon the Tennessee power development was pushed as fast 
as war condition~ would allow. The dam and power plant upon the 
Yadkin River in North Carolina was completed in 1917, increas
ing the capa,c:;ity at Badin to an average of about 70,000 h.p. While 
these additions. could not satisfy completely the demands of the 
government, they did raise production in the United States from 
40,000 tons in 1:915 to nearly 60,000 tons in 1917 and 1918. 

What sort of,: demands had called into being this remarkable 
growth? 4 Some of the uses, in such things as machine-gun radi-

• In 1916 one reduction plant was completed in less than a year by transferring 
from America to Norway the construction materials, electrical equipment, and other 
facilities which had been assembled for the contemplated plant of the Southern 
Aluminium Company. (See JFE, XL, 242 ft., 1931.) . 

• War Industries Board, Price Bulletin no. 34, p. 57. 
• In assessing the significance of the war for the growth of the industry it must 
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ators, time fuses for shrapnel, aluminum powder for explosives, 
wire in bullets, helmets, and various sorts of accoutrements for 
troops, would largely disappear with the return of peace. But the 
uses which consumed great tonnages during the war were those 
destined to endure in peace or to stimulate, in one way or another, 
the emergence of new employments. Aluminum and its strong al
loys were used in great amounts as sheet for automobile and air
plane manufacture, and alloy castings were widely applied in the 
construction of trucks, motor buses, aircraft, and oil-burning en
gines for submarines and destroyers. The airplane had the great
est significance for aluminum both in its immediate demands and 
its indirect repercussions. War necessities quickly demonstrated 
the limitations of steel and wood for airplane construction, and 
the compelling importance of light weight turned attention to the 
light, strong alloys of aluminum.G The all-metal plane was really 
the outgrowth of the intensive development of structural design 
during the war. It is said that in 1918 the Allied governments put 
more than 90,000 tons of the light metal into aircraft.6 Sheet went 
into fuselage, aileron frames, cowling, instruments, and so on. 
Even greater reduction of weight was achieved by the use of alumi
num-alloy castings in the engine. About one-third of the weight 
of the Liberty motor was composed of aluminum in forty separate 
parts.' Aluminum-alloy pistons, which had just begun to receive 
the a.ttention of a few motor-car builders before the war, were used 
extensively in airplane motors.8 

The enthusiastic interest in aviation and the intensive develop
ment of all phases of aeronautics which grew out of the struggle 
created a new peace-time market for substantial quantities of 
aluminum. Although the production of pleasure cars had been re
stricted to almost nothing in 1918, the automobile industry had 
also received a big stimulus and understood aluminum castings 
better after the war than before. Furthermore, the war brought 
some familiarity with the metal in the general engineering trades, 

be recognized that an increase in consumption of nearly 100 per cent had occurred 
between 1913 and 1915 owing to an exceptional expansion of peace-time uses, chief 
among which was the automobile. Perhaps it would not be far wrong to say that 
about half of the '75 per cent increase in production in this five-year period was 
caused by war requirements. 

I R. ]. Anderson, 01. dl., p. 315. • EM], CVII, ,88 (February 1919). 
"Ibid., p. 274. • Anderson, 01. dl., p. 310. 
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which had previously displayed but scant interest in it.D Undoubt
edly its prominent adoption for aircraft played a large part in 
awakening this interest, but aluminum. was also used in countless 
applications where it had formerly enjoyed but little attention. 
This was especially true in Germany, which was cut off from cop
per; but everyWhere the possibilities of substituting aluminum and 
its alloys for copper, tin, bronze, brass, and zinc were demon
strated. More intangible, but perhaps of equal importance, was the 
captured interest of millions of persons who had thought of alumi
num, in the days before the advent of Zeppelins and Liberty mo
tors, as a material for pots and pans. The war accomplished more 
advertising in two years for this industry than a decade of New 
York copy could have done. The figures of Table 4 indicate the 
significance of the war in raising aluminum to a prominent position 
among the nonferrous metals. 

TABLE 4 

RATIOS OF WORLD PRODUCTION OF ALUMINUM IN CERTAIN YEARS TO WORLD 

PRODUCTION OF OTHER NONFERROUS METALS BY VOLUME 

Year Aluminum Aluminum Aluminum Aluminum 
to Zinc to Copper , to Lead to Tin 

. , 
I900 0.04 0.05 0.03 0.23 
I9IO .14 .I6 .16 I.02 
I9 20 ·47 ·44 .62 2·76 
I930 0·49 0·55 0.69 3·97 

The ratios express relative volumes rather than relative weights because the 
industrial importance of metals is more adequately measured by the former 
relation. Figures of aluminum production are given in Table 38 .. For com
putation of the ratios statistics of zinc production, mine production of copper, 
and smelter production ,of lead and tin have been taken from the Mineral In
dustry for I900aridI9Ioand from the American Bureau of Metal Statistics 
for 1920 am~ I930 .. ", . 

Most important of all for the future course of development in 
the industry, the war airplane focused attention clearly upon the 

• Practically everY . government department. was a purchaser of aluminum. 
"Some of the amounts used were relatively unimportant from the standpoint of 
tonnage,but the diversified adoption of aluminum indicates a growing knowledge 
of methods of handling this metal" (EMJ, lac. cit.). 
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importance of research in the constitution, properties, and indus
trial applications of the strong, light alloys. 

Aluminium had rapidly extended its field of usefulness prior to the war, but 
that event was the cause of unprecedented interest in its properties, uses, and 
alloys, principally because of its applications in aircraft. The demands of the 
war had an exceedingly salutary effect upon the aluminium industry in 
general, and what is more important from the engineering point of view, 
metallographic research on aluminium and its light alloys was undertaken by a 
number of institutions and individuals, both in the United States and abroad, 
with a view to ascertaining what assurance of uniformity in quality might be 
made reasonably certain in the production of parts for aircraft in particuiar.10 

The war demands both demonstrated the need for research, 
which had not been clearly understood before, and gave promise 
of a sufficient future market for its results to make it profitable. 
After the war the s~veral aluminum firms greatly enlarged their 
research staffs and laboratory facilities, and broadened the scope 
of research work. Out of this came the development of special al
loys for particular purposes. 

A prominent part of the study of aluminum and its alloys was 
taken by government bureaus the world over as soon as it became 
manifest that this metal was to be regarded as an important war 
material. Since the war, governments have increasingly adopted 
measures to secure national self-sufficiency in the production of a 
metal which is indispensable for war. In countries which are poorly 
supplied with copper and other metals for which aluminum can be 
substituted, government encouragement has also been motivated 
by a desire to escape dependence upon foreign raw materials in 

. peace as well as in war. Finally, the war broke up established com
mercial relationships in Europe and endowed the Aluminum Com
pany of America with financial resources for expansion at the same 
time that the growth of the European companies, with the excep
tion of the new German state corporation, was retarded. 

2. NEW ALLOYS AND NEW MARKETS.ll 

The post-war period has been characterized by a growing "ex_ 
tensive cultivation" of the possibilities of aluminum in so many 
directions that a summary treatment can do no more than note 

.. Anderson, DI. til., p. 9· 
II Much of the information used in this section has been drawn from Alummum 
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the market trends and explain very briefly the connection between 
scientific research and those new uses which are fast making 
aluminum a metal of commanding importance. The dominant 
trend has been the development of special alloys, jmproved fab
ricating processes, and new products to render this metal more 
satisfactory in . old employments and to widen the range of uses. 
As a result, an increasing diversification of markets has been at
tended by the diminishing importance of the automobile industry 
as the chief outlet for the light metal. The principal developments 
in alloys, processes, and products will be described before the 
changes in markets are surveyed. 

The new strong alloys which place aluminum on a competing 
basis with steel, at least as far as moving structures are concerned, 
are the most spectacular accomplishments; but closely associated 
with them has occurred the development of. an ever-increasing 
number of alloys, each suited in physical, fabricating, or casting 
properties for a particular use. Changes and improvements in 
methods of casting and fabricating haye contributed to the de
velopment of better alloys and products. 

Before the war empirical methods had introduced a few 
"general purpose" alloys. Until about ten or twelve years ago 
nearly all aluminum castings made in the United States were 
produced from an alloy containing about' 92 per cent aluminum 
and 8 per cent copper (known to the trade as "Number 12"), and 
were poured in sand molds. In Germany the general casting alloy 
contained 4-10 per cent zinc and 2-4 per, cent copper. While the 
majority of sand castings were still made from these. general
purpose alloys six or seven years ago, the variety of alloys· adapted 
for sand work has multiplied in the past decade. With the grow
ing knowledge of aluminum alloys, a larger and larger propor
tion of castings has been made in permanent molds and pressure 
dies. The same sort of development has been characteristic of 
the wrought allo,Ys - i.e., alloys used for rolling, stamping, and 

Industry by members of the Aluminum Company of America's research staff j from 
R. J. Anderson, The MetaUurgy of Aluminium and Aluminium AUoysj and from 
advertising literature of the Aluminum Company of America and foreign pro
ducers. These sources will not be cited except .ior special points. None of these 
sources provides a connected historical account of the developments of this period 
which is adequate. I have found no book or article which really attempts to pre
sent such an account. 
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forging. An aluminum-manganese composition was the only 
wrought alloy of importance in the United States prior to the 
appearance of the strong alloys. Since the discovery which was 
instrumental in launching alloy development was concerned with 
wrought alloys, the developments in the latter class will be con
sidered first. It should be understood that each alloy referred to in 
the following brief survey constitutes a type, of which several 
variations have been developed to fit particular uses. 

After several years of experiment directed toward the develop
ment of an aluminum alloy for Zeppelin construction, Alfred Wilm 
of the Centralstelle fUr wissenschaftliche und technische For
schungen in Germany announced to the world of metallurgists and 
engineers in 1909 that the mechanical strength of some alloys 
could be increased substantially by subjecting them to a process of 
"heat treatment." This consists of raising the alloy to a tempera
ture of about 5000 C., quenching in water or oil, and aging either 
by allowing it to stand for some days at room temperature or re
heating it for a few hours at a slightly elevated temperature. The 
epochal character of Wilm's discovery may be appreciated when 
it is understood that the strong alloys of aluminum bear the same 
relation to their base metal as the various types of steel, that is 
iron alloys, bear to iron.12 The uses of aluminum for structural 
purposes had formerly been quite restricted, because none of the 
known alloys attained a tensile strength of more than 40,000 

pounds per square inch and their ductility was limited. By raising 
the tensile strength to 60,000 or 70,000 pounds and improving 
ductility,!' Wilm's heat treatment introduced an alloy which 
possessed the mechanical properties of mild steel with only one
third the weight. 

The alloyl. which Wilm found to give the best results when 

• See MI, xxxv, 37 (1926); and E. E. Free, in Rwiew 01 Rwiews, March 1931, 
p. 55. Prior to WiIm's discovery, steel was the only known material which could 
be hardened by heat treatment. Since the elucidatioD of the principles of heat treat
meDt and age hardening there has appeared an ever-growing variety of alloys cap
able of heat treatment. Up to the present alloys of aluminum seem to have been 
the most DumeroUS and most important (see Rosenhain, in E1Igineeri1Jg, CXXXVI, 
'25. December 29, 1933). 

II See J. D. Edwards, lradtUlritJI Grad E1Igifturi1lg Cllemislry, XVIII, 932 (Septem-
ber 1926). 

II Its ingredients were about 4 per cent copper, 0.5 per cent magnesium, 0.5 per 
cent 1IUIIIgIUIeIe, and the silicoD and iroD present as impurities in the ingot alumi
DUIII. 
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subjected to heat treatment was produced before the war under 
the trade name of "Duralumin" by the Diirener Metallwerke A. 
G. Apparently it was also introduced at that time into France 
and England by Vickers Sons and Maxim, who .acquired the 
patent rights for those countries.15 During the war it was em
ployed extensively in the construction of aircraft. In 1920 the 
Zeppelinwerke produced the first all-metal monoplane of du
ralumin.16 

Under the stimulus of military importance as a material for 
aircraft much attention was devoted by government research staffs 
during and after the war to variations c of duralumin and to the 
study of heat treatment, of which Wilm and his commercial asso
ciates had gained only an empirical knowledge. Understanding 
of the scientific principles of this process, so necessary for indus
trial perfection, seems to have come from the studies of P. D. 
Merica and his co-workers at the United States Bureau of 
Standards, of Rosenhain and others at the ON ational Physical 
Laboratory in England, and of Guillet and his associates in 
France.17 The results of their research were published in 1919 just 
as the aluminum firms were installing research staffs. Pre-war 
German experience, the war development of aviation, and research 
in government laboratories had made it clear that there were im
mense possibilities for the successful cOIIllilercializauon of better 
aluminum alloys, while the severe tests to which the existing alloys 
had been subjected by the war revealed the need for great im
provement. 

In the past fifteen years the scien~fic experts of the aluminum 
firms have invented many new alloys of the duralumin class (that 
is, alloys possessing mechanical qualities comparable, or nearly 
comparable, to the. original duralumin), improved industrial ap
plication of the heat treatment process, and developed satisfactory 
fabriCating machinery and methods. Experience during the war 
had shown that the duralumin alloys of Wilm's composition, or 
slight variations of that, were difficult to fabricate. In 1921 the 
Aluminum Company introduced a copper-silicon-manganese alloy 

,. Balletin bibliographiqull of the RelJue de.I'aluminium, June 1924, p. 14. 
H A.luminium, III, no. 15, p. 1 (April II, 1921). . 
10 A.luminum Industry, II, 135; Engineering, CXXXVI, '26 (December 29, 1933); 

Gaetan Py, Progres dll la mitallurgie et leur influence sur I'aironautique (Paris, 
1928), pp. 19 iI. 
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of aluminum (2SS) which possesses many of the physical proper
ties of the former and superior hot-working qualities. It has met 
with considerable use in forged connecting rods and aircraft 
propellers, and is beginning to be adopted for locomotive side 
rods. French research workers had been experimenting inde- • 
pendently along these lines at the same time, with the result that 
a similar alloy was brought out shortly thereafter by l' Aluminium 
Fran~ais. The same type of alloy was subsequently made in Ger
many and sold by the Vereinigte Aluminiumwerke as Lautal.18 As 
a cheaper substitute for duralumin it has achieved wide success 
in Germany in uses where the strength requirements are not as 
great as those furnished by its remarkable predecessor. 

Of somewhat lesser physical qualities but greater facility in 
mechanical working is a class of aluminum-magnesium-silicon 
alloys. The foremost to appear were Aludur, introduced by the 
Giulini firm in Switzerland, and SIS of the Aluminum Company 
of America. VAluminium Fran~ais later developed Almasilium. 
This class of alloy has been used extensively in forgings, for which 
it is in general more economical than other alloys. Moreover, it is 
doubtful if certain designs of forgings could be produced from any 
other alloy or from steel. In the last five years or so, SIS has 
found another use in the manufacture of aluminum furniture. 
After heat treatment and age hardening, alloys of the 2 sS and 
SIS types attain physical qualities which are markedly greater 
than those of commercially pure aluminum, although they fall 
short of the qualities of Duralumin proper. In general they are 
. more economical than the latter for uses to which they are 
suited.I' 

A few years ago a new type of alloy in this class was developed 
by Victor Hybinette and his son, and introduced by the Sheet 
Aluminum Corporation. Hyblum, as this series of alloys is called, 
contains nickel and chromium. Strength for strength, this ma-

II Lautal at first contained 2 per cent silicon, whereas 255 contained less than 
I per cent silicon. It is said that the composition of Lautal was shortly altered to 
correspond more nearly to that of 255 . 

.. In Europe several alloys of the SIS class have heen developed in an attempt to 
replace Itee1-cored aluminum cable with a high-strength alloy conductor. Aldrey 
of the MAG and AlmeJec and the J. L. alloy of l'Aluminium Fran.;ais have heen 
used for this purpose (Retlue de I'aluminium, January-March 1928, p. 586). There 
appears to be some doubt whether they are as serviceable as the steel-cored alumi
num cable (Alumillum Indust,y, II, 704). 
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terial in the heat-treated temper appears to possess somewhat 
greater ductility and to resist corrosion better than ordinary com
mercial grades of duralumin, with which it compares favorably in 
specific gravity.20 Furthermore, unlike most other aluminum alloys 
made in this country, Hyblum is said to be suited for both castings 
and wrought' work. Its chief products have been automotive 
accessories, aircraft equipment, kitchen equipment, and orna
mental trim. 

Since the war the Aluminum Company has produced several 
varieties of alloy closely akin to the original composition of Wilm's 
duralumin which have enhanced the adaptability of this type. In 
addition, its research staff has devised two compositions known as 
"super-duralumin" which are used wherever greater strength and 
hardness than that of duralumin proper is desired.21 A tensile 
strength of 75,000 pounds per square inch puts these alloys in a 
class of structural materials never before invaded by such a light 
metal. Various alloys of the 17S line have been used extensively 
in aircraft construction in the form of sheet and other thin sec
tions, for they possess the maximum combination of high strength 
and resistance to corrosion of all the strong alloys. 

The corrosion resistance of the strong alloys is somewhat less 
than that of commercially pure aluminum. In some uses for 
which these alloys are otherwise particularly suited,' such as air
craft, pontoons, and motorboats, corrosion is likely to be serious. 
To meet this problem the United States Bureau of Standards de
veloped a very satisfactory process of spraying alloy'sheet with 
a coating of the pure metal. Shortly thereafter, in 1927, members 
of the Aluminum Company's technical staff invented a method of 
grafting a layer of pure aluminum onto each side of alloy sheet. 
The process is such that the pure metal surface forms an inter
mediate layer of alloy with the material inside. Hence the sur
face is integral with the underlying base. The alloy is. protected 
even at exposed edges, or holes in the coating, since the pure 

"Archibald Black, etA New High-Strength Aluminum Alloy," Airway Age, June 
1930 • 

lILThese are designated as CI7S and 427. -I7S is the Aluminum Company's base 
number for duralumin proper. A set of duralumin alloys is also produced here by 
the Baush Machine Tool Company. In the past few years the Aluminum Company 
has brought out two new wrought alloys (4S and 52S) containing magnesium which 
have been used extensively in the new streamlined trains. See Mining and Metal
lurgy, XVI, SI (January 1935). 
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metal, having a higher solution potential, forms a galvanic couple 
with the alloy. Alloy sheet coated by this process is sold by the 
Aluminum Company under the name Alclad. At about the same 
time, or a little later, a somewhat similar process was developed 
by the Vereinigte Leichtmetallwerke, a subsidiary of the Vereinigte 
Aluminiumwerke and other firms.22 A sheath of pure aluminum 
or some alloy of high corrosion resistance was grafted onto the 
alloy to be protected. 
Ano~er line of attack upon the problem of corrosion has re

sulted in the development of several methods of thickening and 
strengthening the protective surface film of aluminum oxide.2a 

The oxide film does not, of course, possess the firmness or hard
ness of a layer of pure aluminum or aluminum alloy. Certain of 
these methods, however, render the film an excellent basis for a 
protective pigment or enamel, which also lends decorative utility. 
Various processes of enameling or lacquering have been used, par
ticularly in Germany. Recently a method of anodic treating called 
the Alumilite process has been introduced commercially in this 
country by the Consolidated Stamping Company of Detroit.24 It 
is said that the process is applicable to all types of sheets, stamp
ings, and castings. The addition of aniline dyes to the electrolytic 
bath gives a high luster finish in a wide variety of colors. Accord
ing to the claims of the inventors of this process, the plating forms 
actual fusion with the metal. Colored Alumilite products have 
been used in electric refrigeration and other nonautomotive fields. 
In 1934 the Aluminum Company acquired the plant and patents 

,of Aluminum Colors, Inc., which was then operating the Alumilite 
process.2I 

Finally, certain alloys have been discovered which have better 
resistance to corrosion than pure aluminum or its other alloys. 

• Zeitulari/& Iu, Meta1lkIlMe, XX, 294 (August 1928); HallSzeitschri/t de, 
Yereifligte AIII",j";II"'Vlerke, January-February 1932; Meta1lwirtscha/t, XIV, I 

(January 4, 1935). 
8 The more important methods seem to be the three following: (1) anodic oxida

tion, on which Bengough and Stuart of the Corrosion Research Committee of the 
Institute of Metals in England have done important work; (2) chemical processes 
developed cruefty by Bauer and Vogel and research workers of the Vereinigte 
A1uminiumwerke; (J) the Eloxal process of the same company. See Engineering, 
CXXXVI, 728 (December 29, 1933); Hallneitschri/t der Verri";gte AIII",j";II"'
Vleri" m, 302 (September-November 1931); and AIII",jnll'" IMlIStr" II, chap. XII. 

• AlitOllSolill' IMlidries, LXVIII, 298 (1933). 
• Poor', ManlliJl ollMlIStrials, 1935, p. 1178. 
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Among these are the K. S. Seewasser alloys introduced in Ger
many, the Anticorodalline of the AIAG, and a new aluminum
magnesium-silicide alloy brought out in 1933 by the Aluminum 
Company of America. These alloys have resulted in marked im
provement in resistance to salt-water corrosion in particular. 

Another invention of importance for the alloy development 
should be mentioned. In 1919 William Hoopes of the Aluminum 
Company perfected an electrolytic process of refining the product 
of the Hall reduction cell, which rarely yields metal of higher than 
99.7 per cent purity. By the Hoopes process any desired amount 
can be produced with an average purity of over 99.8 per cent. 
This enhanced purity enables the use of some alloys which would 
be less satisfactory with a higher iron and silicon content, for a 
difference of 0.1 per cent of impurities alters the qualities of alumi
num appreciably. 

The mere discovery of excellent alloys and effective beat treat
ments has not, of course, been sufficient to introduce them into 
industrial consumption. Scientific study has also had to develop 
a satisfactory technique of fabrication. The most interesting 
occurrence along this line has been the erection of new rolling 
mills and fabricating plants designed to handle the strong alloys. 
In 1928 the Aluminum Company of America construc~ed a bloom
ing mill to roll billets and form structural shapes much akin in 
size and form to the products of a steel mill. Ingots for rolling in 
this mill weigh about a ton and a half, whereas the largest ingots 
rolled previously weighed only a few hundred pounds. Less ob
vious, but quite as important, has been the necessity to evaluate 
standards, specifications, and rules for use of the strong 3.lloys as 
materials of "heavy" construction. Within the last few years the 
companies have published several pamphlets containing such in
formation andha~~ 'waged an intensive campaign to educate en
gineers to appreciate the utility of the strong alloys. 

It would have been surprising if the success of heat treatment 
with vyrought alloys had not suggested the possibility of increasing ;. 
the physical qualities of casting alloys also. The pioneer work in 
this direction, which began just before the war, seems to have been 
done by Dr. Walter Rosenhain and his associates at the National 
Physical Laboratory in England.28 From this study there issued 

·"Aluminum Alloy Progress," Iron Age, CXXVI, 1455 (1930). 
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the well-known heat-treated "Y" alloy which has been used 
abroad, and to some extent here, in a variety of castings and forg
ings, principally in aircraft engine cylinders and cylinder heads, 
where high strength at elevated temperatures is imperative. In 
this country the research of Archer and Jeffries of the Aluminum 
Company resulted, about 1920, in the effective application of 
heat-treating methods to aluminum-copper alloy castings and the 
commercial introduction of two alloys especially adapted for such 
treatment (195 and 196). Proper heat treatment of castings made 
from these alloys confers greater strength and ductility than is 
possessed by the general casting alloys such as the No. 12 line. 
They stand in much the same relation to the latter as steel castings 
to cast iron. These alloys have been used particularly in crank
cases and other motor parts in fire engines and buses. Recently 
a heat-treated aluminum-magnesium casting alloy has been in
troduced with success. Heat-treatment processes have also played 
an important part in the development of aluminum-alloy pistons 
to the point where they are standard equipment for a large number 
of motor cars and airplanes. The heat treatment lessens "per
manent growth" of the piston, formerly a troublesome phenome-
non, as well as conferring greater strength and hardness. . 

Previous to 1920 silicon had been generally considered as a 
worthless element for aluminum alloys, perhaps because the sili
con impurities in commercially pure aluminum were known to 
lessen the usefulness of the metal for some adaptations. One of 
the most important steps in the development of aluminum alloys 
came in that year with the introduction of aluminum-silicon alloys 
by Aladar Pacz. Pacz not only discovered a useful type of alloy 
having high corrosion resistance, easy casting qualities, and fairly 
high strength; his work also led to an intensive study of the alu
minum-silicon alloys and was mainly responsible, in indirect fash
ion, for all the developments along this line which have enabled 
these alloys to widen the range of uses of aluminum.2T One of 
his chief discoveries was the fact that employment of a suitable 
reagent allowed a greater amount of silicon to go into solid solu
tion with the aluminum,28 resulting in considerable improvement 

• See Iro,. Age, loco ci'., and F. C. Frary, Induserialllnd Engineering Chemis',y, 
XIX, 1094 (October 1927). 

• This "modification" process, as it is called, has heen shown to be applicable to 
other metals and alloys, with the result of widening the perspectives of metallurgists. 
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to some properties of this type of alloy. Subsequent studies by the 
staff of the Aluminum Company have demonstrated that much 
the same result can be gained by casting the alloys high in silicon 
in chill molds. In addition to the advantages mentioned above, 
the silicon alloys are lighter than most other alloys of aluminum 
and form dense, pressure-tight castings. As might be surmised, 
they are particularly adapted for die casting, which has made 
rapid strides since their introduction. Chief credit for the com
mercial development of the Pacz silicon alloys belongs to the 
Metallgesellschaft, which acquired patent rights for all of the 
world except France and America and 'introduced them in Ger
many under the name Silumin.29 This alloy has enjoyed exten
sive use in Europe in the form -of pistons, cylinders, and housings, 
containers for chemicals, and a variety of other castings. The 
Aluminum Company of America has also developed two alloys 
having less silicon than Alpax, as the Pacz alloys are called in 
America and France, from which castings satisfactory for many 
purposes may be made without "modification" and hence more 
icheaply. These have gone into architectural castings, marine fit
'tings, chemical apparatus, auto-body castings, and the like. 

Accompanying the development of special alloys since the war 
there has been a trend toward the increasing use of permanent 
molds and pressure casting in steel dies. Sand casting is the most 
flexible method of the three and must be used for the largest and 
most complicated work. It does not pay to set up fixed capital 
in molds or expensive pressure dies except for quantity produc
tion. Where the market is large enough to provide substantial 
utilization, permanent mold and die casting usually yield sounder 
and more economical products. The _ use of permanent metal 
molds, which was taken over from the brass industry, appears to 
have been first introduced into the making of aluminum castings 
in France before the war. It has since been employed intensively, 
particularly in the production of pistons. 

-Light weight and high thermal conductivity render aluminum 
peculiarly suitable for pistons. In 1917 the Aluminum Company 
of America developed a 10 per cent copper alloy (122) containing 
small amounts of iron and magnesium, for the purpose of making 

• Metal Industry, XX, 183 (May 1922); Revue de l'aluminium, September 1925, 
p. 123, October 1928, p. 896. 
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pistons by the permanent mold method. Application of heat treat
ment subsequently improved the qualities of this alloy. The 
aluminum-alloy piston not only exhibits one of the most striking 
instances of enlarging the market by introduction of a new alloy; 
it illustrates also the importance of discovering proper product 
design. Aluminum pistons originally made in the solid barrel 
or trunk design copied from the cast-iron product were far from 
satisfactory, owing to the high expansion coefficient of aluminum, 
which resulted in seizing when hot and "piston snap" when cold. 
The "split skirt" type of piston, which made its appearance in 
1920, embodied the first successful remedy for this difficulty. A 
combination of vertical and horizontal slots in the bearing faces 
permitted expansion without seizure even with a very small clear
ance between piston and cylinder. Three years later the "strut
type" piston, invented by an automotive engineer named Nelson, 
was put into production by the Bohn Aluminum and Brass Cor
poration, a large maker of castings. This design permitted closer 
fittings than its predecessors by controlling expansion of the alu
minum with nickel-steel struts cast into the piston. It had a rapid 
growth in popularity and was consumed for several years in nearly 
equal proportions with the "split skirt" type. The Aluminum 
Company of America, which had sponsored the earlier design, has 
also produced the Nelson piston, and it has been used extensively 
in Europe as well. Recently the Aluminum Company has de
veloped a new alloy (132) with high silicon content which has a 
coefficient of expansion materially lower than the alloys hereto
fore used for pistons. It is said that the new composition permits 
return to the barrel or trunk type of structure, which is actually 
the most satisfactory design from many standpoints.8o Aluminum
alloy pistons of the simple trunk type have always been used in 
aircraft motors, where the advantages in weight and thermal con
ductivity have been much more decisive factors than in automo
biles. Permanent mold casting has achieved such good results 
with pistons that it has been extended to other products as growth 
of demand has warranted. 

The phenomenal growth in large-scale, rapid production of 
small castings, however, has occurred in die castings. This oper-

• .. fI_"'""'_ IlIdru'ry, n. 631. The trunk type is betle! from the standpoint of 
elideDt beat dissipation, lightness, low frictioD, large bearing area, aDd ruggedDess. 
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ation, which has been borrowed from practice with other white 
metals, differs from casting in permanent molds chiefly in the use 
of pressure to force the molten metal into the mold or die. The 
product is practically finished in one operation. Machining and 
grinding are nearly eliminated, while closer tolerances are ob
tained in quantity production. The economy over the other cast
ing processes is striking, particularly since the machinery can be 
made automatic to a large extent.31 The use of this process has 
had a very rapid growth since the discovery of alloy steels suited 
for standing the strain on the dies and the development of the 
aluminum-silicon alloys,· which are especially fitted for this type 
of casting. It has been adopted by many concerns for making 
small castings and intricate castings with extremely thin sections. 
A few typical products are fire boxes, automobile brake sholes, 
carburetors, and dash fittings, parts for vacuum cleaners, washing 
machines, and electrical apparatus. Sand castings have been sup
planted in several uses, and it is said that some aluminum alloys, 
when die cast, are enabled to compete more effectively with many 
alloys of the other common metals which are not so weU adapted 
for die casting.32 While most die-cast products have weighed but 
a few pounds, we are informed that there are no inherent difficul
ties of design for machines to produce much larger castings.33 

Extrusion, which is not to be confused with die casting, has been 
increasingly adopted since the war by fabricators of aluminum. 
Heated ingots are forced through a die.~as tooth paste is squeezed 
out of a tube - by presses varying in capacity from 200 to 5,000 

tons. In this fashion intricate shapes are produced which could 
not be made in any other way. Pure metal is extruded as mold
ing for automobile bodies or as collapsible tubes. Some alloy 
extrusion products are I-beams, channels, other structural shapes, 
and sections for aircraft construction. 

Throughout the post-war period experts of aluminum firms, of 
gover~ment bureaus, and of research institutions the world over 

81 "The daily output of a single casting die is frequently measured in thousands, 
where that of a permanent mold is in the hundreds, and of a sand-casting pattern 
in the dozens. Likewise, the dimensional variations of die castings are measured and 
held within thousandths of an inch, where those of permanent mold castings are in 
sixteenths" (Aluminum Company of America, Alcoa Aluminum Die Castings, p. 4). 

"Hugh Farrell, What Price Progress? (New York, 1925), p. 100 • 
.. Aluminum Industry, II, 328-329. 
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have devoted a great deal of attention to the study of theories of 
alloy construction and behavior. During the first part of the 
period the results of examination of the structure of alloys were 
limited to those obtainable with the microscope. In 1927 when 
the Aluminum Company of America, following the lead of some of 
the most progressive steel companies, installed X-ray equipment 
in the Cleveland foundry, metallurgists were beginning to appre
ciate the aid of this new tool of metallography. It has also been 
demonstrated that radiographic examination of castings of highly 
stressed parts, such as various airplane parts and brake shoes, is 
immediatelyeconomical.84 

The brief survey of progress in the development of alloys and 
processes may now be summarized. The true potentialities of 
aluminum were not well understood until the war printed unmistak
ably in the sky what research in Europe had already intimated. 
During the war some progress was made in the development 
of strong alloys by government bureaus. With the resumption 
of peace the aluminum firms established well-equipped lab
oratories and research staffs, which began almost immediately to 
develop new alloys and improved processes of fabrication. Until 
the middle twenties the number of alloys in extensive commercial 
use appears to have grown but little as compared with ten years 
earlier. It was in the latter twenties that some part of the im
mense potentialities of research upon alloys and processes began 
to be realized. Industrial adoption of new alloys designed for 
particular purposes seems to have proceeded rapidly for four or 
five years until it was slowed down by depression. Among" the 
scientific achievements which have broadened the market hori
zons three stand out - the development of heat treatment and age 
hardening, the discovery of methods which have given the silicon
aluminum alloys great utility, the invention of processes of coat
ing alloy sheet with a protective layer of pure aluminum or some 
alloy with high corrosion resistance. In the case of the first two of 
these achievements the original discoveries and an important part 
of the subsequent work of development and improvement must 
be credited to persons outside the employ of aluminum firms.BIi 

II See W. L. Fink and R. S. Archer, in TroflSlICUOftS, American Society for Steel 
Treating, XVI (1929), 551 fl. 

• Cf. Leon Guillet, L':£volulUni tU fa ..utollurgM (Paris, 1928), p. 148; Suhr, in 
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While scientific progress in the development of alloys, processes, 
and products has been very rapid since the war, it would not seem 
that a state of maturity has been reached. Indeed, the most im
portant developments may come in the future, for it appears that 
the general la~s of alloy construction and behavior still remain 
to be discovered.30 

We now turn to the significance marketwise of the progress just 
described. Changes in the markets for aluminum in the United 
States will first be surveyed. Previous to the war the largest annual 
production in the United States was about 20,000 tons, nearly half 
of which went into the automobile industry. The greater portion 
of the automotive consumption was in the form of No. 12 alloy 
castings for parts subject to little stress; a much smaller amount 
was used as sheet for body construction. Utensils probably ac
counted for about a third of the annual production, while most of 
the remainder found its market as transmission cable and deoxi
dizing ingot for the iron and steel industry. A few years after the 
war the market situation was not strikingly different. A doubled 
output was distributed in larger percentages to the automobile and 
electric industries and in smaller proportions to the other old mar
kets. In fact, if the estimates of the National Automobile Cham
ber of Commerce (shown in Table 5) are fairly correct, the 
rapidly expanding motor-car industry took much more than half 
of the annual increment of the metal during 1921-1923. Whether 
or not the actual figures here shoWn are accurate, there was un
dou~tedly a marked downward tren4, in the absolute tonnage used 
in automobiles for three or four years after 1923. Yet output of 
aluminum ingot, which by 1923 had again reached the war level, 
grew steadily in the following years. 

Material for quantitative measurement of the shifting markets 
is disappointingly meager.ST However, there are indications that 

Revue de I'aluminium, September 30, 1925, p. 123; Mortimer, ibid., October 1928, 
p. 896; and Metal Industry, XX, 183 (May 1922) . 

.. Rosenbain writes: "It is not, perhaps, too much to hope that in the near future 
the general laws governing alloy construction and behavior will be discovered, and 
will bring order and understanding into the rather varied and troublesome collection 
of eqUilibrium diagrams with which the metallurgists have to deal at the present 
time" (see "Some Steps in Metallurgical Process, 19°8-1933," Engineering, CXXXVI, 
726,1933). Cf. also Von der Porten, in Die Versorgung der deutschen Wirtscha/t mit 
Nicht-Eisen MetaUen (Berlin, 1931), p. II4 . 

.. When it was found that the only continuous series of consumption figures was 
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net losses in the auto market were more than offset at first by an en
hanced demand for electrical conductor and an ever-widening va
riety of casting and extruded products for household appliances, 
machinery, and aircraft and marine engines, while towards the 
end of the twenties the strong alloys began to enjoy a growing, 
if small, adoption as materials for construction and furniture. 

TABLE 5 

ESTIKATED ANNUAL CONSUMPTION 01' ALUMINUM IN THE UNITED STATES 
BY THE AUTOMOBILE INDUSTRY, 1921-1934 

Year 

1921 .. 
1922 .. 
1923 .. .. .. 
1924 .. 
1925 .. 
1926 .. .. 
1927 .. .. 
1928 .. .. .. .. 
1929 ... 
1930 .. .. .. 
1931 .. 
1932 .. .. 
1933 .. .. .. 
1934 .. 

.. 
.. 
. . 

.. ... 

. . .. 
.... 

.. 
.... 

.. 

.. .. 

.. .. 

Estimated 
Annual Consumption 

(AI elric ToIlS) 

19,540 
.. .. 33,180 
... .. 41,810 
.. .. 36,360 

26,360 
..... 22,720 

.. 19,090 
22,720 

.. 33,630 

.. .. 18,180 

.... 12,720 
10,900 

.. ... 9,090 
.. 10,910 

Percentage of Total 
Production of Primary 

and Secondary Aluminum 

60 

70 

54 
40 
25 
21 

17 
16 

23 
13 
12 
16 

13 
14 

Consumption figures, 1921-1934, from Automobile Manufacturers' Asso
ciation, Automobile Pacts and Pig",.es. Since there are no good figures of total 
consumption of aluminum in the United States, consumption by the automo
bile industry bas been related to estimated output of virgin and secondary 
aluminum which is given in Appendix F. 

that for the automobile industry, a request was made to the Aluminum Company of 
America for figures showing the changing trends in their markets. It was replied 
that such data were not kept by the company and that the expense of compiling 
them would be too great. No adequate consumption statistics for Europe have been 
published. The rough estimates which appear in the rest of this section have been 
made from ICattered figures, often estimates themselves, in trade journals and in 
Alu_; .... _ IJUlustry. Frequently they are IOmewhat confticting. To dte an the 
IOUras and aplain how my estimates were reached would lengthen the footnotes 
unduly. 
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The figures for automobile consumption obscure a decisive 
change in the character of the demand from this industry. In 
1922 and 1923 about half the tonnage used in motor cars took the 
form of crankcases, and a substantial amount of sheet went into 
body construction. Within two or three years the sheet demand 
had almost completely evaporated, and cast-iron crankcases were 
rapidly replacing aluminum.as In this country steel sheet is still 
employed almost exclusively by body builders, while at the begin
ning of the depression the aluminum in crankcases was apparently 
less than a fifth of the total amount consumed in the automobile 
industry. It was the adoption of the aluminum-alloy piston and 
connecting rod and the alloy-sheet bus body which offset the loss 
of these other demands. From two and a half million pistons in 
1924 consumption rose to six million in the following year. By 
1928-1929 somewhere between twenty and thirty million were 
being sold as standard equipment for nearly every car except the 
Ford. After its introduction in 1922 the forged duralumin con
necting rod came to have almost the same wide demand. The in
creasing call for these two items was mainly responsible for turn
ing the automotive demand upward again. 

Aluminum alloys have, of course, held a prominent position in 
aircraft structure and motors ever since the' war, but this indus
try has remained too small to consume a very large proportion of 
the metal. Furthermore, it appears that no aluminum alloy has 
yet been developed wtih the strength per unit of weight equal to 
some of the special alloy steel~, ~whicP. are used for the strength 
members of planes. After the perfection of processes for produc
ing large heat-treated forgings from the strong alloys about 1923, 
the aluminum-alloy propeller came into general uSe. In the mod
ern aircraft e,iigine about one-half the weight and three-quarters 
of ,thevolum~ consists of aluminum alloys. The trend toward the 
all-metal plane has enlarged the demand for the wrought alloys. 
Several, dirigibles have been built with an entire "skin" of du
ralumin' as well as the customary framework. In 1928 the con
sumption of aluminum alloys in the American aircraft industry 
trebled thilt of the previous year.39 The very swift growth of die
cast parts for vacuum cleaners, washing machines, radio sets, elec-

IS The reasons for these changes are explained below, p. 254 . 
.. New York Times, May 9, 1929, p. 42. 
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trical appliances, textile machinery, and so forth, as well as for 
automobiles, is evidenced by the fact that the output of this type 
of casting doubled every five years between 1915 and 1930.40 

Nearly 10,000 tons, equivalent to about 10 per cent of the total 
output of virgin aluminum in the United States, went in one form 
or another into washing machines in 1928.41 Accompanying the 
expansion of the electric light and power industry the mileage of 
aluminum conductor in service increased from 125,000 in 1924 

to well over 300,000 five years later. Before the depression this 
use was taking over 10,000 tons a year. New forms of aluminum 
developed in the past decade which received a favorable reception 
were aluminum paint, foil, roofing material, screens, and a host of 
other products of scientific study which consume in the aggregate 
as much metal as was produced twenty years ago. The outboard 
motor would have been impossible but for the aluminum-alloy 
piston. 

On the eve of depression the fate of the wrought alloys in their 
severe competition with steel remained undetermined, but if could 
be said that they had caught a foothold. By the end of 1928, 388 

cars containing substantial amounts of aluminum alloys had been 
built for steam railroads, and 108 for electric railroads.42 A much 
larger number ordered in 1929 and 1930 indicates that, although 
the tonnage was still relatively small, aluminum alloys were gen
erally accepted as a satisfactory material for car construction!3 
Cast alloys were penetrating the architectural field for ornamental 
work, but the wrought alloys had been employed as structural 
members only in the top floors of some of the highest skyscrapers. 
Aluminum furniture, introduced about 1926 by the Aluminum 
Company, gave evidence of successful competition with steeI.4

4 

.. Alcoa Aluminum Die Castings, p. 3 • 

.. Aluminum Industry, II, 504 . 

.. Electric RtJilway Jo-umal, November 3. 1928. 
"Ibid., April 1930. New York City ordered 300 subway cars in 1930. All the 

sheet except the outside sheeting was of aluminum alloys • 
.. Herewith the interest of our resourceful navy in aluminum furniture: 
"The naval limitation of arms conference resulted in a more careful study of the 

UJefulness of aluminum on board ship. The heart of the limitations agreed upon is 
the fixed limit in displacement, and naturally that country which could build the 
best ship within the limits set, had the advantage. It was obvious that the best way 
would be to reduce to a minimum the weight of all desired essentials in the way of 
equipment without sacrificing strength. Every pound so saved can be utilli:ed to in
crease the number of guns, the speed, fuel capacity, or anyone or more of the 
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TABLE 6 

ESTIMATED CONSUMPTIO~ OF ALUMINUM IN VARIOUS MARKETS IN THE 

UNITED STATES IN 1930 EXPRESSED AS PERCENTAGES 
OF ANNUAL OUTPUT 

Market Percentage 

Transportation (auto, steam and electric railways, air, and 
marine) .............................................. 38 

Cable, busbars, and electric eqUipment ..................... 16 
Cooking utensils ......................................... 16 
Machinery ............................................... 8 
Iron and steel industry ................................... 8 
Nonferrous foundries and metal manufacturers .............. 4 
Building. . . . . . . . . .. .. . . . ... .. .. .. .. .... ....... .. .... .... 3 
Chemical industry ....................................... 2 

Food industry ........................................... I 

Miscellaneous ........................................... 4 

Total............................................... 100 

These figures are given by C. L. 'Mantell, EM], CXXXI, 102 (February 
1931). It is not indicated whether they refer to distribution of primary alu
minum only or to the total annual production of primary and secondary. 

Table 6 exhibits an estimate of the proportions in which consump
tion in the United States was divided between various uses in 1930. 

It is plain that substantial changes occurred between 1920 and 
1930 in the markets for aluminum. Evidently consumption by the 
motor-car industry dropped from over one-half to less than one
third of the total output; and most 'of the aluminum used at the 
later date took the form of pistons and rods, which bad been 
employed but slightly ten years earlier. Transmission lines were 
apparently absorbing an increased proportion, while the opposite 
was true of .utensils. Consumption of the strong wrought alloys 
had grown to perhaps 10 per cent of the total. At least a quarter 
of the total output was probably used in products (other than 
pistons and connecting rods) which took hardly any aluminum in 
1920. In general the market had become much more diversified 

offensive and def~nsive qualities of the ship" ("Aluminum Furniture Proves Success
ful on Warships," by Commander F. G. Crisp, shop superintendent, Norfolk Navy 
Yard, reprinted from the Marine Review, June 1929). 
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under the influence of stronger competitive forces in the develop
ment of new variations or adaptations of the basic product. 

It is quite impossible to estimate the effects upon markets of 
the diverse currents of the depression, but there do not appear to 
be any signs of striking changes. Advances have been made in a 
few new fields. The development of high-compression automobile 
motors seems to have resulted in some increase in the use of 
aluminum-alloy cylinder heads.43 Resumption of brewing has 
opened an outlet for aluminum in vats, storage tanks, coils, and 
barrels!e It has also been adopted recently for dairy equipment. 
Aluminum steam-shovel buckets have begun to compete with steel. 
The most spectacular developments have occurred in transporta
tion. The Brazilian Clipper, built in 1934, which with a weight 
of nineteen tons became the largest American air liner, was con
structed chiefly of aluminum alloys. In the same year the Union 
Pacific put into operation two streamlined articulated trains built 
largely of strong aluminum alloys. Early in 1935 two additional 
aluminum trains were under construction for the Union Pacific, 
one for the New Haven, and one for the Baltimore and Ohio.47 A 
bridge in Pittsburgh has lately been rebuilt with duralumin alloy. 
The Aluminum Company has recently had a steamship built from 
strong aluminum alloys. 

Somewhat similar consumption trends have occurred in Europe. 
Before the war kitchen equipment absorbed the largest proportion 
of aluminum in Germany, where the greater part of the fabrication 
of ingot was carried on. The amounts consumed by the automo
bile industry were, of course, increasing. It is said that in 1921 
the motor car took about 75 per cent of the output of the French, 
British, and Swiss producers!S About 1923 half of the annual 
production in Germany took the form of castings,49 which seems to 
indicate large automobile consumption, although tanks, vats, and 
other apparatus for the chemical industry probably accounted for 
an appreciable part of the castings. Adoption of aluminum pistons 
and connecting rods seems to have broadened throughout the 

• Mifli", orad Metallur", XV, 39 (January 1934). 
-Iro" A", CXXXIII, 77 (January 4, 1934). 
.. MifIi", orad Metallurgy, XVI, SI (January 1935). 
- EM], CXXXI, 102 (February 9, 1931). 
• Heinrich Buschlinger, E"'wicklu,,, urad Au/bou de" Alumifliumwir'scba/I 

(Hamburg, 1924), p. 369. 
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twenties. A growing diversification of markets and the marked 
increase in consumption of aluminum by the electric industries 
pushed the kitchen utensil and the automobile out of their domi
nant position among consumption fields. By 1924 only 30 per cent 
of the German production was fabricated into utensils/a and this 
proportion sank to IS per cent five years later. In France the 
weight of aluminum used per automobile in the chief makes is said 
to have tripled between 1920 and 1923.51 Citroen and Renault 
apparently absorbed together an amount of aluminum equivalent 
to one-third of the virgin production of France about 1924.52 At 
this time a considerable amount of the light metal was being used 
in the buses and street cars of Paris. Aluminum was also being 
introduced into railway coaches.53 In 1928 it was said that in 
France aluminum was mainly consumed in the automobile, aero
nautic, and electric industries.54 Diversification of markets in the 
later twenties throughout Europe brought it about that automo
tive consumption was reduced to 2 I per cent of the total output of 
cartel members in 1929.55 

Until about ten years ago the use of aluminum for high-tension 
transmission lines was apparently farthest advanced in the United 
States, England, and France. Of 19,000 kilometers of transmis
sion lines installed in the leading European countries between 
1917 and 1926 it appears that nearly 40 per cent were aluminum 
lines.56 During the twenties adoption of aluminum conductor in
creased rapidly, particularly in Germany, with the result that 65 

per cent of the installations between 1920 and 1930 were alu
minum.57 More than 12,000 miles of steel-cored aluminum cable 
and earth wire, equivalent to about 8,500 tons of aluminum, were 
specified for the main lines of the "grid" system in Great Britain. 
It was expected that secondary low voltage ~ines would absorb an 
equal quantityofaluminum.58 Other countries also took increas-

.. ibid., p. 224. . 

.. Revue de l'alumitiium, April-May 1924, p. 5. 
!'" Ibid., Septemper-October 1924, p. 36. 
"Ibid., MarcbIgh, p. 88 • 
.. JFE, XXXVII, 173 (June 1928) • 
.. EMJ, CXXXI, 102 (1931) • 
.. Wirtscha/tsdienst, XlV, 446 (1929). 
"Von der Porten, op. cit., p. 109. The figure given presumably applies to Ger

many, but the text is not clear . 
.. American Metal Market, April I, 1931, p. 4. 

'f.J (FI3fJ ; $1 ,_ ~S 1/.7s 
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ing amounts of the metal in this form, and its employment in 
various sorts of electrical apparatus was appreciably extended. 
Table 7 shows an estimate of the length of high-tension aluminum 
lines in various European countries in 1933 compared to the totals. 

TABLE 7 

ALVlUNUK CoNimCfOJIS IN HIGH-TENSION TRANSKISSION LINEs IN CERTAIN 

CoUNTRIES IN 1933 * 

France ......... . 
Germany ....... . 
England ........ . 
Switurland ..... . 

(I) 
Total High-Tension 

Lines 
(Kilometers) 

32 ,624 t 
27,034 
9,114* 
7.309t 

(2) 
Total of Aluminum, 
Steel-Aluminum, and 

Aluminum Alloy Lines 
(Kilomders) 

9,882 
10,185 

7,727 * 
2,625 

Percentage 
(2) of (I) 

* The figures for this table have been taken from AUuminio, II, 35-39 
(1933), abstracted, Journal 0/ the Institute 0/ Metals, LIII, 590 (1933). 

tOYer 30 kv. * Does not include new lines of grid. 

TABLE 8 

ESTIKATED CoNSUKPTION OP ALUKINUK IN VAlUOUS MARKETS OP GERMANY 
IN 1929 ExPRESSED AS PERCENTAGES OP TOTAL CoNSUKPTION 

Market Percentage 

Kitchen equipment ...................................... IS 
Chemical and brewing equipment .......................... IS 
Foil. . . . . . . . . . . . . .. .. . . . . . . . . .. .. .. ... ... . . . . . .... .. .... IS 
Electrical equipment ..................................... IS 
Silumin castings ......................................... 12 
Half-products for export ................................. IS 
Miscellaneous ........................................... 13 

100 

The figures of this table are taken from Von der Porten, op. cit., p. log. 

One of the most striking developments in the German market 
was the exceptionally swift replacement of tin foil by aluminum 
foil, which as a consequence accounted for IS per cent of the total 
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consumption of aluminum just prior to the depression. An esti
mate of the division of German consumption at the end of the 
post-war decade is'given in Table 8. No estimates for other coun
tries of Europe are at hand. 

The progress of the strong alloys in Europe appears to have 
been no more rapid than in this country. They have been used ex
tensively in bus and truck bodies. A beginning has been made in 
the construction of railway cars from aluminum. 



CHAPTER IV 

EXPANSION AND POLITICAL RELATIONS, 1915-1935 

I. THE ALUMINUM COMPANY OF AMERICA AND ALUMINIUM 

LIMITED 

IN 1915 the Aluminum Company of America had a capital in
vestment of $50,000,000. By 1928 it had risen to a modest posi
tion in the ranks of mighty corporations by the growth of book 
capital to about $25°,000,000. The expansion reflected in these 
figures has been characterized by aggressive acquisition of large 
reserves of foreign ore and power, purchase of foreign reduction 
plants, and an extension of facilities at home. 

The first move in the acquisition of ore beds took place in South 
America. Extensive bauxite deposits in British Guiana had been 
reported in 1897 and again in 1910 through government docu
ments and magazine articles, but they attracted little attention 
until 1912, when the Aluminum Company of America dispatched 
an engineer to investigate.1 Acquisition of ore lands began almost 
immediately.- Apparently a fruitless endeavor was made about the 
same time by a civil engineer with a promoting tum of mind to 
interest the British Aluminium Company in the British Guiana 
deposits.- In 1916 the Demerara Bauxite Company, Ltd., was 
incorporated locally to hold and operate the ore lands leased or 
purchased by the Aluminum Company of America. Two thousand 
tons of ore were shipped to the United States in 1917. It appears 
that by this time the Demerara Company had, with vigorous en
terprise, obtained control of most of the deposits formerly owned 
by private individuals and had leased a substantial portion of the 
ore lands belonging to the British Crown and the Colony of Chris
tianburg.' Some of the leases of public deposits were granted upon 

• BMTC v. ACOA appellant, fols. 5215-5216. 
, It is said that a party was sent to Demerara, British Guiana, in 1914 to stay until 

an the workable deposits had beeD OptiODed or acquired for the Americaas (Lloyd 
T. Emory, "Bauxite Deposits in British Guiana," EM], <:XIX, 687, April 1925). 

'Ibid. 
• EM], cvm, '43 (August 1919). In 1916, 1795 acres of CroWD lauds aDd 1718 
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condition that the Americans establish upon British soil a plant 
for the preparation of aluminum oxide.5 Bauxite from public 
properties already leased was to be placed at the disposal of the 
British government.6 Recognition of the military importance of 
aluminum als~ led at this time to a stand against further exploita
tion of public properties by foreign capital. For several years no 
more leases were granted. Nevertheless, in spite of belated efforts 
of others to obtain deposits, it appears that the Aluminum Com
pany of America, through persistent negotiation, litigation, and 
compromise, had acquired a very large proportion of the suitable 
bauxite of British Guiana by I925.1 Additional ore was acquired 
in subsequent years. Over $5,000,000 was spent in development 
and equipment consisting of mining facilities, a crushing and dry
ing plant, a powerhouse, and a twelve-mile railroad to carry ore 
from the mines to the plant, which was situated at the head of 
navigation on the Demerara River, whence the Aluminum Com
pany's ocean-going steamships transported it to Gulf ports for 
shipment to East St. Louis. Shipping terminals were built by the 
company at Baton Rouge, Louisiana. The British Aluminium 
Company later leased some public deposits, but the major portion 
of the ore was evidently still controlled a short time ago by Alu
minium Limited,S a Canadian corporation to which mo~t of the for
eign properties of the Aluminum Company were transferred in 
I928.

9 

The history of. deposits in Dutch Guiana appears to be similar. 
Within a few years after I9I2 th~ AlUminum Company had evi-

acres of colony lands had been leased to the Demerara Bauxite Company (British 
Guiana, Combined Court, Report on the Condition of the Colony ofJJ.ritish Guiana 
during. the Great European War, 1919, p. 84). . 

• HaskeU v. Perkins, Record, pp. 458, 1734. (This reference is explained below, , 
p. 132o';footnote 6.) Evidently the Americans agreed to build on British soil by 
1923 an oxide plant with a daily capacity of 50,000 pounds (ibid., p. 1899). For 
some reason, however, an alumina plant was not established in British territory until 
1928, when one Was built at Arvida in Canada. 

"EM], eIV, 999 (December 1917). 
• Emory, loe. cit. The British Guiana Handbook for 1922 reported that the De

merara Bauxite Company controlled by far the major portion of the Christianburg
Akyma deposits, which were the most extensive known deposits in British Guiana 
(pp. II~II7). At that time no leases had been issued to others by the government. 

S A description of Aluminium Limited is given below, p. 74. 
• Report of the Land and Mines Department of British Guiana for 1930, p. 9 ; 

BuUetin of the Imperial Institute, XXXI, 396 (1933). 
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dently secured control of a large proportion of the ore and estab
lished the Surinaamsche Bauxite Maatschappij to hold and oper
ate these deposits.10 Until recently, at least, no mines in either 
of these colonies have been operated by any persons but the sub
sidiaries of the Aluminum Company and of Aluminium Limited.ll 

The Guiana deposits are among the most extensive of the world's 
bauxite directly accessible to ocean shipping.12 In quality they 
are somewhat superior to the Arkansas ore because of a slightly 
higher alumina content and less silica. With the necessity of resort 
to underground mining in Arkansas early in the last decade the 
Aluminum Company began to import substantial quantities of 
Guiana ore for its domestic reduction plants. In the years 1925-

1930 more than 500,000 tons per annum were brought in. 
Very likely the vigorous campaign of the Aluminum Company 

in South America hastened the worldwide scramble for the better 
bauxite properties which occurred after the war stimulus to the 
aluminum industry. In this international competition the Amer
ican company took a prominent part, with the result that it came 
to possess fairly large ore reserves in various portions of Europe.13 
An ore tonnage in France nearly as great as that now remaining in 
Arkansas was acquired by the Bauxites du Midi, a 100 per cent 
subsidiary. Istrian deposits of about the same extent were held 
by another completely owned subsidiary, the Societa Anonyma 
Mineraria Triestina. Jugo-Slavian ore was obtained through ac
quisition of majority stock holdings in the Jadranski Bauxite 
Dioni'co Drus'tvo and the Primorske Bauxite Dioni'co Drus'tvo, 
which have recently been merged.a It has been reported that the 
Aluminum Company made an unsuccessful attempt to buy into 
the Bauxit Trust, a subsidiary of the German aluminum monop-
01y.l1 

Interests in several companies producing aluminum and owning 

-MI. XXXIII, 40 (1924). 
D FI'C Docket 1335. Record. p. 675; Yearbook of the Bermudas. the Bahamas. 

British Guiana. etc .. 1931. p. 361. 
U It is reported that the reserves of bauxite in British Guiana exceed 10,000,000 

tons (ibid.). • 
"Its European acquisitions started in 1912. when some Dalmatian and French 

lands were bought. but most of its purchases have occurred since the war. 
"Information on European acquisitions is contained in the testimony of an officer 

of the Aluminum Company. FI'C Docket 1335. Record, pp. 18 fl.; and in BMTC 
appellant v. ACOA, fols. 772 fl. ,. Czimatis. op. ciJ., p. 102. 
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desirable water-power rights were also obtained by the American 
company. In 192 I an arrangement was made with the nearly 
bankrupt Aktieselskab Hoyangfaldene Norsk Aluminium Com
pany, whose plant had been built at high cost during the war.I8 
The Aluminum Company purchased a half interest in a new 
Norsk Aluminium Company which acquired all the assets of its 
predecessor except water rights and power plant. (Norwegian law 
provided that the latter must remain in the hands of citizens of 
Norway.) The Americans were to have a majority of the direc
tors of the new Norsk Company. This firm possessed bauxite in 
France and in Dutch Guiana, an alumina plant in France, 80,000 

potential horsepower, of which 30,000 h.p. had been developed 
for reduction works with a capacity of 7,000 tons per year, and a 
fabricating plant. It produced at least 6,500 tons of aluminum an
nually, much of which was at first imported into the United States. 
In 1923 the Aluminum Company bought a one-third interest in 
Det Norske Nitridaktieselskab, which had begun aluminum man
ufacture in 1912.17 The British Aluminium Company and the 
Compagnie Alais, Froges et Camargue, each own one-third of this 
corporation, whose capacity is about 15,000 tons. The Norsk com
pany indirectly owns the Kinservik water-power site capable of 
developing about 125,000 h.p.; and Det Norske Nitrid holds a 
part interest in the undeveloped 175,000 h.p. Tysse site. The 
Americans also took a majority control in Det Norske Aktiesel
skab for Elektrokemisk Industri, which, in addition to possessing 
valuable electrode patents, had a substantial interest in the Tysse 
water power. With characteristic foresight and vigor, the Amer
ican aluminum interests acquired control of a considerable portion 
of water power in the country which is regarded by many as the 
logical r~sort for electrochemical industries in the_future. 

,. 
111 Industrial and Engineering Chemistry, XVI, 979 (September I924). Other in

formation about the Norwegian subsidiaries has been obtained from Aluminum In
dustry, I, 54-57 i testimony of officers of the Aluminum Company in FfC Docket 
1335, Record, pp. 39 fl., and 66g-67Ii testimony and exhibits in the cases of HaskeU 
v. Perkins in the District Court of New Jersey, and BMTC appellant v. ACOA . 

.. Before completing these purchases the Aluminum Company made formal appli
cation to the Attorney General for a modification of the consent decree of I912. 
Upon consent of the Attorney General the United States District Court for the West
ern District of Pennsylvania, on October 25, I923, issued a supplementary decree 
modifying the original decree by permission to make the desired purchases. No 
other modification was made at that time. 
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In 1925 the Aluminum Company turned to France, where it 

purchased the Societe Anonyme des Forces Motrices du Beam, 
thereby securing 20,000--30,000 h.p. on the Aspe River in the 
Pyrenees. This is at present all sold to the P. L. M. railway. The 
American enterprise also acquired from the French aluminum in
terests the Societa dell'Alluminio Italiano, which produces about 
JAOO tons of aluminum a year. Semi fabricating and finishing 
plants were located at strategic points in various foreign COUD
tries, and American sales offices maintained in every COUDtry of 
importance in the world. 

While the growth of American investment in Europe influenced 
international relations in this industry appreciably, the most im
portant plant development of international significance since the 
war occurred in Canada. Some years ago Mr. J. B. Duke, who 
was famous for his interest in water power as well as tobacco, 
purchased with Sir William Price certain riparian properties on 
the Saguenay River where more than a million horsepower might 
be developed in the heart of a wilderness. In 1924-1925 Mr. 
Duke and Mr. George Haskell, an American manufacturer of 
duralumin alloys, were apparently considering the production of 
aluminum with part of the 360,000 h.p. to be generated in a 
nearly completed plant of the Duke-Price Power Company at Isle 
Maligne, the so-called Upper Development.is However, during 
I925 Mr. Duke and the Aluminum Company of America reached 
an agreement whereby a new Aluminum Company of America was 
incorporated to take over the assets of its predecessor in name and 
those of the Canadian Manufacturing and Development Com
pany.1II The whole property of the latter had consisted of the en
tire stock of the Chute-a-Caron Power Company, whose name was 
soon changed to Alcoa Power Company, which in tum owned the 
riparian lands and water rights for the Lower Development, some 
miles below Isle Maligne, where it is estimated there is nearly a 
million potential horsepower. Less than a year after the merger 
the Aluminum Company acquired about 53 per cent of the stock 

.. See below, pp. 132 ff. 
• Prior to the merger the Aluminum Company had common stock outstanding of 

$18,729,600 par value and a surplus of about $100,000,000. As a result of the finan
cial arrangements incident to the merger, by which most of the surplus was capital
ized, the capital structure came to include preferred stock of $147,262,500 par value 
and 1.472,625 shares of no par common carried at $5 per sbare. 
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of the Duke-Price Power Company, which owned the Isle Maligne 
hydroelectric station.20 This plant was then generating 360,000 

h.p. and has since been enlarged to an installed capacity of 400,000 

h.p., which yields about 350,000 constant h.p.21 Coincident with 
this transaction the Aluminium Company of Canada (the Northern 
Aluminum Company, in more appropriate appellation) contracted 
to take from the Duke-Price Company (the name of which is now 
the Saguenay Power Company, Limited) for fifty years 100,000 

h.p. per annum at its new reduction plant, which was then being 
constructed within a few miles of Chute-a-Caron. In July 1926 

energy began to flow into the cells of this plant at Arvida, as the 
new city built by the Aluminum Company is called. The works 
at this location include an electrode factory and a "dry process" 
oxide plant, employing electric energy instead of coal, which went 
into operation in 1928. Bauxite is shipped from British Guiana in 
ocean steamers to Port Alfred, which is only twenty miles from 
Arvida. The total reduction capacity in Canada is now about 
40,000 tons; but it appears that this can be rapidly increased by 
about 50 per cent whenever demand warrants. 

The first stage of the Lower Development, upon which work 
was begun in 1927, was completed in 1931 with a dam and power
house with 260,000 installed horsepower. A projecte~ dam on a 
second branch of the Saguenay would bring the Lower Develop
ment to 800,000 h.p. 

Its new position as an owner of extensive properties in various 
parts of the world was recognized b}l:c,the Aluminum Company in 
June 1928 by the creation of a Canadiin corporation, Aluminium 
Limited, which took legal title to' nearly all the foreigri holdings of 
the parent with the exception of the Surinaamsche 'Bauxite Maats
chappij and th~A!Foa Power Company, which owns the first power 
plant and,the'riparian rights at the Lower Development on the 
Saguenay.22 : Legal relations, between the Aluminum Company of 
America and Aluminium Limited were terminated when the former 

.. TwentY'" p'er'cent of the Duke-Price stock was taken at this time by the Shaw
inigan Water and Power Company. The Price interests and the Duke estate (Mr. 
Duke died shortly after the merger) retained about 27 per cent of the stock. The 
financial transaction was reported in the New York Times, April 29, 1926, p. 31. 

n BMTC appellant v. ACOA, fols. 1000 ff. 
• FTC Docket 1335, Record, pp. 5533 ff. j and BMTC appelIant v. ACOA, fols. 

992 ff. 
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distributed to its stockholders the shares of the new Canadian 
company. Mr. E. K. Davis, for many years vice-president of the 
Aluminum Company, became the president of Aluminium Limited, 
and several experienced members of the older company went with 
him. 

The two corporations have had no directors or officers in com
mon. On June 4,1928,490,895 common (voting) shares of Alu
minium Limited were issued, of which twenty went to the appli
cants for the charter of incorporation. Of the 490,875 common 
shares of Aluminium Limited distributed on that day pro rata to 
the stockholders of the Aluminum Company of America, 270,431 
shares, or approximately 55 per cent of the total voting shares, 
were received by four shareholders of the Aluminum Company 
of America. These four persons must then have owned about 55 per 
cent of the common voting stock of the Aluminum Company, since 
the distribution was in direct proportion (I to 3) to holdings of 
stock in the latter. On December 31,1931, there were outstanding 
592,299 common voting shares of Aluminium Limited,23 of which 
307,696, or about 52 per cent, were held by two of the four persons 
referred to above, a corporation wholly owned by the third, and 
a corporation owned jointly by the fourth and his son and 
daughter. The four persons in question held on December 31, 
1931, about 41 per cent of the common stock of the Aluminum 
Company of America. The total of their holdings and those of 
members of their immediate families and those of the president of 
Aluminium Limited amounted to slightly more than 50 per cent of 
the common stock of the Aluminum ·Company. A part of the rest 
of the stock of this company was owned by directors and officers 
and the heirs of deceased directors.24 For a short time the sec
retary, treasurer, and auditor of Aluminium Limited had their 
offices in Pittsburgh, where the accounts were kept. Default on 
preferred stock dividends by Aluminum Limited in 1932 and 
1933 gave the preferred stock the right to elect two directors. 
This may have accounted for two changes in the directorate of 
Aluminium Limited in 1933, when two former members were re
placed by the treasurer of the company and a vice-president of a 

• Annual report. 
• The facts presented above have been taken from data in stipulations of the at

tomeys for the Aluminum Company of America (BMTC appellant v. ACOA, fols. 
6019 II.) and tatimony (ibid., fols. 1105-1106). and from Poor's Industrials. 
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Pittsburgh bank which acted as transfer agent for the company. 
In 1933 the preferred stock of the Aluminum Company became en
titled to vote as a result of default on preferred dividends. Accord
ing to the annual reports no changes occurred in the make-up of 
the board of tbe Aluminum Company between March 1932 and 
March 1936 except the reduction of its size occasioned by the 
deaths of two members, who were not replaced. One of the men 
who died was the owner of one of the personal corporations men
tioned above. At the end of 1931 there. were many stockholders 
not common to the two corporations, and it is said that the num
ber has'since increased. It has been impossible to obtain informa
tion upon changes in stockholdings since 1931. 

It has recently been testified by representatives of both com
panies that no common control of the two corporations has been 
exercised.25 The two corporations seem to have· been distinct oper
ating units.26 Since 1928 the Aluminum Company has occupied 
itself principally with production for the United States market, 
while Aluminium Limited has been concerned with the problem 
of developing foreign markets. Owing to the tariff policies of the 
principal consuming countries of Europe, the chief outlets for its 
product have been in Asia and various parts of the British Em
pire. In corporate domicile, location of mines and plants, and in 
nationality of labor Aluminium Limited is a British firm enjoying 
intra-Empire trade privileges. 

In the post~war decade the Aluminum Company of America rose 
to a position which implied some threat to the markets of the less 
powerful European producers.: Cheap power and suitable,bauxite 
had been acquired in places which were reciprocally. well located 
from the point of ,view of cheap transportation. The heavy invest
ment in reserves of ore and power suggested a strong incentive to 
cultivate world markets in vigorous fashion, while a very low cost 
ofproductiori at Arvida and the United States tariff may have 
made the Americans less apprehensive than the foreign producers 
about a real trial of strength. The formation of a new aluminum 
cartel by the leading European producers in 1926 doubtless re
flected fear of the Americans as well as a desire to regulate com
petition among themselves. In the closing years of the twenties 

.. BMTC v. ACOA appellant, fols. 1080-1083, 5681, and 5687. 
"Ibid., fols. 98Q-C)96, 1025-1028, 5920-5921. 
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increasing exports from Canada were sold in markets formerly 
served by the Europeans. In 1931 Aluminium Limited formally 
entered the international cartel. 

Up to the present Aluminium Limited has filled its power re
quirements almost entirely from its subsidiary, the Saguenay 
Power Company, which operates the powerhouse at Isle Maligne, 
the Upper Development. It appears that energy from the plant of 
the Alcoa Power Company at the Lower Development, ownership 
of which was retained by the Aluminum Company, has found little 
market as yet. The riparian rights for the second stage of the 
Lower Development are also owned by the Alcoa Power Company. 

While the more spectacular expansion outside the borders of 
the United States introduced new elements into the home situation, 
the plants in this country have also been considerably extended. 
The Aluminum Company emerged from the war with a reduction 
capacity in the United States of approximately 315,000 h.p., 
probably equivalent to a maximum of 70,000 tons under average 
conditions of water flow, which would doubtless have taken care of 
the demand in 1919 and 1920 had it not been for abnormal labor 
and transportation conditions.2T No substantial increases in power 
and reduction facilities in the United States came into operation 
until 1927. In the intervening years the company was not at all 
times able to satisfy the calls for metal, and, as foreign producing 
firms were acquired, their output was largely diverted to this 
country.28 After the installation of the Cheoah dam and power
house in 1919 the projected developments on the Little Tennessee 
were halted for a time, partly owing to the higher costs of construc
tion work and the uncertainties of business depression. In 1925 
they were again resumed when a dam was started at Santeetlah. 
Before this was completed in 1928 a small power development had 
been built at High Rock, North Carolina, to serve the Badin re
duction plant, and the third dam in the Little Tennessee series was 
under construction. The powerhouse at Santeetlah began to 
generate its maximum of 66,000 h.p. in 1929, while during the 
following 'year Calderwood, the third development, came into 
operation with two 56,000 h.p. units and room for a third unit of 

• The capacity of mluctioD plaats UDder DOrmal coDditioDS for the years I9IC}-
1925'" givell by aD official of the compaay (FTC Docket 1335. Record, 31'1 if.). 

• TheJe were cneauatiag factors iavolved. See Chap. XVIII for discussiOD. 
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the same capacity.29 Since the power capacity at Massena had 
also been extended, average reduction capacity in the United 
States had been raised to 550,000 h.p. or thereabouts, which is 
equivalent, perhaps, to 125,000 tons of virgin metal. 

The plans of, the Aluminum Company call for a total of eight 
dams along a 104-mile stretch of the Little Tennessee River which 
will completely utilize the entire flow of the stream.30 The com
pany owns between 60 and 85 per cent of the land required for the 
five remaining developments. Some work has been done on the 
fourth basin at Chilhowee, Tennessee, where about 35,000 h.p. 
will be developed.31 The Fontana dam; which is the most im
portant of the other four projected developments, is expected to 
have a capacity of about 300,000 h.p.32 The whole Little Tennes
see development will probably yield at least 800,000 h.p. 

The government program for development and regulation of 
the Tennessee River system with respect to navigation and flood 
control may result in some curtailment of the freedom of the 
Aluminum Company to decide the· amount and character of its 
future investment in power facilities on the Little Tennessee River 
and the conditions of their operation. Section 26a of the Tennes
see Valley Authority Act as amended in 1935 provides that no 
dam or appurtenant works maybe>~onstructed anq thereafter 
operated on the Tennessee or ally of it§ tributaries un.tilplans for 
construction, operation, and fuaintenance have been :submitted to 
the board of the TVA and approved by it. Howevh; if the board 
fails to approve the plans within sixty:days after their submission, 
the requirements jUf,t stated ar~ to be deemed satisfied, if the 
plans are approved by the Secretary of War as reasonably'adequate 
and effective for the unified development and regulation of the 
Tennessee River system.33 Evidently the TVA or the Secretary 

.. Powe,., LXX, 34I,,(August 1929); LXXI, SOl (May 1930). 
"Hearings on the Tennessee Valley Authority, House Committee on Military 

Affairs, 74 Cong., I Sess., II, 662 (hereafter cited as TVA Hearings). 
81 New York Times, August 9, 1929, p. 24; Electrical World, XCIV, 440 (August 

1929). Actual construction of this dam at Chilhowee, Tennessee, was held up for 
some time by a dispute with the Southern Railway, which was intending to build an 
extension through territory that the Aluminum Company planned to flood as a 
storage basin. 

"TVA Hearings, p. 672 . 
.. Upon application to the Secretary of War due notice must be given the TVA and 

hearings held. 
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of War may require as a condition of approval whatever terms con
cerning construction, operation, and maintenance seem appro
priate for realization of the program for flood control and naviga
tion on the Tennessee River system. The government plans call 
for six dams on the Tennessee below the point where the Little 
Tennessee empties into it. At times of low·water, stream flow on 
the Tennessee might be appreciably affected by the rate at which 
water was allowed to flow over the dams of the Aluminum Com
panyon the tributary.84 

The post-war decade has also witnessed a very great extension 
of this company's facilities at other stages of the industry. In 1924 

the Aluminum Ore Company purchased an important group of 
fluorspar mines in Illinois and Kentucky which, added to small 
holdings previously obtained, made it the dominant producing unit 
in this field.85 Fluorspar is used in making artificial cryolite to 
substitute for the natural product. 

The plant devoted to semi fabricating and finishing activities has 
probably been augmented in greater proportion than the reduction 
facilities. Towards the end of the twenties the company was sell
ing a smaller proportion of metal in the form of ingot than had 
been the case earlier.B8 About 1920 two large mills were built at 
Edgewater, New Jersey, and Alcoa, Tennessee, to care for the 
enlarged sheet demand. More recently the promising develop
ment of the strong alloys has resulted in the erection at Massena of 
the first blooming mill to produce aluminum billets and structural 
shapes, and the building of a mill at Alcoa, designed to roll du
ralumin and "Alclad" sheet. In 1922 the Aluminum Company 
leased for twenty-five years all the plants of Aluminum Manu
factures, Inc!' This concern was the old Aluminum Castings 

II Before Section 26a was made a part of the law the TVA purchased two small 
plots of land in the projected reservoir for the Fontana development of the Alu
minum Company, apparently with the object of being in a position to force the com.
pany to agree to whatever conditions the TVA considered appropriate for the real
ization of its program (TVA Hearings, pp. 669 ff., 705-706). It seems questionable 
whether such practices on the part of government agencies are desirable. 

-N_ Yori Times. November 27. 1924, p. 31; MI, xxxm, 18 (1924). The 
Dame of this alumina subsidiary has recently been changed to Alcoa Ore Company . 

.. See below, p. 251. 
• At this time the Aluminum Company acquired stock holdings in two small suh

lidiaries of Aluminum Manufactures, the Aluminum Diecasting Corporation and 
the Aluminum Screw Machine Products Company. 
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Company, which had expanded under a new name just in time to 
suffer embarrassment in the automobile slump of 1920-1921. 

Thenceforth these plants were run by the United States Alumi
num Company, thus substituting more direct operation for the 
majority stock .control possessed at the time of the lease. The 
Aluminum Company later increased its ownership of common 
stock in Aluminum Manufactures to more than 70 per cent.8S As 
soon as the lease was signed, there was launched a vigorous cam
paign which brought this castings unit out of the financial dol
drums by regaining for it the prominent position in this branch of 
the industry which had formerly been held by the Aluminum 
Castings Company. About 1929 the Aluminum Company erected 
a magnificently equipped research laboratory at New Kensington 
which exhibits aluminum attractively in its design, fittings, and 
furnishings. 

Finally, a word should be added about those activities of the 
Aluminum Company which are only indirectly related to the 
aluminum business. It will be recalled that several small electric 
companies in the neighborhood of Massena were acquired soon 
after the purchase of the St. Lawrence River Power Company.89 
These companies have distributed electricity for light, heat, and 
power to the general public, in addition to serving as auxiliary 
supply for the Massena reduction plant. In 1924 they were 
merged into the St. Lawrence Valley Power Corporation, which 
was created for that purpose.40 In the South a subsidiary called 
the Nantahala Power and Light Company engages in an ordinary 
public utility business. In 1921 the Frontier Corporation was 
formed to consolidate the undeveloped riparian rights along the 
St. Lawrence owned by the Aluminum Company, the General 
Electric· Company, and the Duponts. Since the Canadian and 
Un~tedStates gover~ments took the position that the St. Lawrence 

•• II Report of Special Assistant to the Attorney General, William R. Benham, con
cerning alleged violations by the Aluminum Company of America of the decree en-

. tered against it in the United States District Court for the Western District of 
Pennsylvania on June 7. 1912, being Senate Doc. no. 67, 69 Cong., 1 Sess., p. 36 
(hereafter cited as BR) • 

.. In 1921 the Aluminum Company participated with General Electric and others 
in buying a controlling interest in the Niagara, Lockport and Ontario Power Com
pany . 

.. This company should not be confused with the St. Lawrence River Power Com
pany, which generates power chiefly for use in the reduction plant at Massena. 
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power should be developed as a whole, it was thought best to join 
interests. In exchange for its Long Sault lands the Aluminum 
Company received one-third of the common and 88 per cent of the 
preferred stock of this company. In September 1931 both the 
Frontier Corporation and the St. Lawrence Valley Power Corpora
tion were sold to the Morgan interests for inclusion in the Niagara
Hudson Power Company. Two million five hundred thousand 
shares in the latter and one directorship came to the Aluminum 
Company. The Aluminum Company owns four subsidiaries which 
operate short railroads as common carriers in the vicinity of its 
plants. The Republic Mining and Manufacturing Company mines 
and sells large quantities of bauxite to the chemical trade. The 
Aluminum Company has also built and "operated" towns at most 
of its mines and power sites. Its own engineers build its dams and 
power plants. Another sort of relationship to aluminum is. exem
plified in the ownership of the American Magnesium Corporation, 
which has only one domestic competitor in the manufacture of this 
potential rival of the Aluminum Company's product. 

The Aluminum Company of 1935 is a large, thoroughly in
tegrated business unit with extensive reserves of ore and power, a 
prominent position in several fabricating branches, and no domes
tic competitors in the production of virgin ingot. Its impressive 
financial strength is enhanced by membership in a strong group of 
financial and industrial enterprises. Until the close of the war 
the Aluminum Company had financed nearly the whole of its ex
pansion from earnings. In the post-war period about 40 per cent 
of the net addition to assets seems to have come from the sale of 
notes, bonds, and preferred stock.41 Aluminium Limited, which 
became the owner of most of the foreign properties of the Alumi
num Company in 1928, has attained a position of great im
portance in the world aluminum industry. 

In the post-war period annual imports of aluminum ingot into 
the United States from European producers seem to have averaged 
I2-15 per cent of total domestic sales of primary aluminum in all 
forms!lI Only in the depression years 192I and 1922 did the 
estimated participation of European firms in the United States 

• Below, p. 262. 
M Anuual percentages have been estimated as explained in the note to Table 27 on 

page 32$. Data are from Tables IS, 17, and 27, and from BR, pp. 117-118. 
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market exceed 20 per cent. In the years 1923-1927 their propor
tion apparently averaged about 15 per cent, while during the 
period 1928~1933 it was evidently less than 10 per cent. Imports 
of fabricated aluminum have. ordinarily been negligible. The 
period 1913-1922, during which the import duties were 2 cents 
per pound on ingot and 3 Yz cents per pound on sheet, was too 
abnormal to afford any indication of the adjustment which might 
develop with low duties. In 1922 the rates were raised to 5 cents 
and 9 cents respectively. The Smoot-Hawley tariff lowered them 
to 4 cents and 7 cents in 1930. Partly because of the tariff and 
partly for other reasons the European firms have apparently not 
established any substantial increment of capacity to serve the 
American market. 

2. NEW AND OLD NATIONAL MONOPOLIES IN EUROPE 

During the war the production of aluminum, as well as of many 
other basic products, was expanded very much farther in 
America than in Europe.43 But under consumption influences 
much the same as those in America the output of the European 
companies was nearly doubled bet'Yeen 1918 and 1929, while 
that of the Americans was increased by a little more than 100 
per cent. -

The only important additions,.lothe family of European pro
ducers have been the German government corporation, which 
now ranks ahead of the older European firms in output; the Soviet 
government plants, of which two at least have gone into operation 
in recent years; and two Italian companies, fostered by the Italian 
government, which use Istrian bauxite acquired by the peace 
settlement. The German and Swiss aluminum companies par
ticipated in the financing and direction of the Italian enterprises. 
Aluminum capacity in Norway, which was small twenty years ago, 
has been 1 extended substantially by the French, British, and 
American/companies. The other two outstanding developments 
related to organization of the industry in Europe have been the 
increasing American investment in Europe and the growth of 
closer and closer cooperation between European firms for market 

.. Estimates of production are given in Table 25, p. 308, and Table 38, p. 569. 
See also Chart I, p. 35. 
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control, a movement to which Aluminium Limited formally at
tached itself in 1931. 

The German corporation, whose striking growth is partially due 
to government protection from competition in a market which was 
already well developed,u had its inception in war necessity. In 
addition to the use of aluminum for the purposes already de
scribed, it was imperative for the Germans to substitute this metal 
for copper, from which they were largely cut off. Accordingly 
three small aluminum plants were built during 1915, 1916, and 
1917 at points where sufficient electric energy was already at 
hand!5 Two of these were very small, high-cost plants which 
were abandoned after the war.48 In December 1917 the Erftwerk, 
with a capacity of 12,000 tons a year, was completed, and just 
prior to the armistice the Lautawerk began to operate with about 
the same capacity. Both of these plants were located in lignite 
regions, since power generated with brown coal is the cheapest 
kind of steam-produced electricity. The Erftwerk in Grevenbroich 
(Niederrhein) was served by the Rheinisch-Westfiilisches Elek
trizitatswerk A. G. A new power plant was erected by the govern
ment at Lauta in the lignite district of Saxony. At the same time 
plans were made to develop a large water power on the Inn River 
in Bavaria. 

The original financing of these developments had been divided 
between the government and prominent private companies en
gaged in the metal, electric, and cheinical industries.47 The private 
companies owned minority stock interests in the Vereinigte Alu
miniumwerke A. G., the corporation formed in 1917 to operate the 
new plants, and in its subsidiaries, Erftwerk A. G. and Innwerk, 
Bayerische Aluminium A. G. The private interests had, however, 
a majority of the board of directors of each. When the govern
ment decided after the war to continue its direct interest in the 

.. The Germau market had been supplied chiefly by the Neuhausen concern before 
the war. See below, p. 127. 

• Detai\s of the development of the German industry are to be found in Georg 
Gunther, Die .deutsclle Rolsaluminium ltulustrie (Leipzig, 1931); Hans Bannert, 
Der RolsaluminiumweltmtJr/d (Halle, 1927); Schoenebeck, op. cit.; Buschlinger, 
E,dwidlu .. , utul Au/bau der Aluminiumwirtsclta/t, and periodical literature. 

• The third, at Bitterfeld, was later sold to the I. G. Farbenindustrie aud the 
Meta\lgesellschaft, which operate it jointly. 

Of Chief among these were the Meta11bank group, Griesheim E1ektron, Gebriider 
Giu1ini, A. E. G., Siemens-Schuckert. 
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development of this industry, the product of which was so im
portant to Germany in war and peace, the private concerns sold 
their holdings to the Reich.'8 Since 1925 aluminum-ingot pro
duction has been controlled exclusively by the Reich, except for 
the. small plant at Rheinfelden operated by the Neubausen firm 
and the Bitter/eId works now owned jointly by I. G. Farben
industrie and the Metallgesellschaft. The Vereinigte Aluminium
werke owns directly the Lautawerk and the Innwerk, which be
gan to operate in January 1925 with a capacity of 10,000 tons, 
and all of the stock of Erftwerk A. G., which operates the plant of 
that name. The Vereinigte Industrieunternehmungen A. G. 
(VIAG), the Dachgesellschaft which holds the stock of indus
trial undertakings of the government, owns in addition to the 
Vereinigte Aluminiumwerke a corporation which operates the 
power plant at Lauta, and the company which owns the 100,000 
h.p.plant on the Inn River. The Vereinigte Aluminiumwerke 
soon became a well-integrated concern. An electrode factory was 
attached to the Erftwerk at the start, and an alumina plant was 
built at Lauta. Bauxite deposits were acquired in Istria shortly 
after the peace settlement. In 1923 the German company, in con
junction with the Otavi Minen-und-Eisenbahngesellschaft, formed 
the Bauxit Trust A. G., which embarked upon a determined cam
paign of bauxite acquisition, particularly after the Italian govern
ment restricted exports. Extensive deposits in Hungary were 
purchased in 1925 and 1926,in addition to smaller ore holdings 
in other countries.'9 The power plants serving the Lautawerk 
and the Innwerk are owned by the VIAG, which also possesses a 
minority interest in the Rheinisch WesWilisches Elektrizitatswerk 
A. G., which supplies energy to the Erftwerk. The rolling, fab
ricating, and casting branches of the aluminum industry were well 
developed in Germany before the war. For the most part the 
Vereinigte Aluminiumwerke has contented itself with creating a 
well-integratefd organization which stops short of extensive partic-

.. It has been said that the government and the private interests were more or 
less at odds until the Reich took over complete ownership. See Alhrecht Czimatis, 
Rohstoffprobleme der deutschen Aluminiumindustm in Rahmen ihrer wirtschaft
lichen Entwicklung (Dresden, 1930), pp. 92--93. 

III The chief subsidiaries of the Bauxit Trust are the Aluminium Erz Bergbau und 
Industrie A. G., Budapest; the Tapolcza Mining Company, Budapest; and the Con
tinentalen Bauxit Bergbau und Industrie A. G., Agram. 



EXPANSION AND POUTICAL RELATIONS 85 

ipation in these branches. But it joined with the Metallgesell
schaft in the production of the casting-alloy Silumin, and owns, in 
conjunction with the same company and several other firms, the 
Vereinigte Leichtmetallwerke, which is devoted to the development 
and production of strong, light alloys and their products. 

It is probable that the German company operated under some
what higher costs, at least until the latter twenties, than the older 
European firms.GO War-time necessities bequeathed two plants at 
which steam power is used. At one of these electricity must be 
purchased from a private company. Reduction in the costs of 
generating power from brown coal has reached the point where 
such energy is no more expensive than the probable cost of elec
tricity at European water-power sites which have not yet been 
used, with the exception of some in Norway.51 Yet it is not certain 
that the steam power at the Lautawerk is as cheap as the Inn water 
power or the marginal water power which has recently been de
veloped by aluminum companies in other countries. The war 
plants resulted in some overcapacity - at prices which the Ger
man company wished to charge - which was continued, in spite 
of the rapid growth in demand, by the building of the plant on the 
Inn River. The German company has always used a small part 
of its power for the production of Nehenprodukte. The bauxite 
costs are certainly higher for the German company, because most 
of its ore is somewhat inferior in quality to the French bauxite and 
the transport expenses are greater. Coal, on the other hand, is 
much cheaper in Germany. On the whole, it is doubtful if the 
German aluminum output in the latter twenties could have been 
produced much more cheaply anywhere else on the Continent 
south of Norway. The recent policy of self-sufficiency and re
armament in Germany has resulted in enlarging aluminum-ingot 

-The GermaJl disadYllJltage has probably been overstated by Giinther (0' a' .. 
pp. 52-5.) aDd several other authors of newspaper aDd periodical articles, wbo in
correctly recltoa in the large reserves accumulated by the old c:ompaaies. Ualess the 
latter do aot eqJeCt to eara retums oa such part of their investmeats, their costs are 
aot lowered by the fact that their capital is writtea dowa oa their books. They are 
JiaaDciaDy ltnIager oaly in the _ that at lower prices they c:ould abow a profit 
oa their capitalizatioa. 

• Penoaal interviews. Cf. also Baaaert (0'. cit .. p. 51), wbo c:oacludes that the 
COlt per kilowatt-hour of hydroelectric eaergy at the great plaat oa the IDa River 
would haft been higher thaD broWil coal power if the water plaat had aot been 
huilt duriac the depreciatioa of the mark. 
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capacity from 45,000 tons to about 75,000 tons. What effect 
this has had on cost does not appear. 

The lack of satisfactory bauxite in Germany has stimulated 
research upon methods of using various clays. Processes have 
now been developed which are technically satisfactory, so that 
Germany could provide herself with aluminum should war cut off 
her bauxite supplies. It is said that one of these methods yields 
alumina just as cheaply as the Bayer process, which continues to 
be used because of the heavy investment in Bayer plants and 
bauxite reserves. 

The Neuhausen concern, whose position as leading producer of 
Europe had been challenged by the French in the pre-war decade, 
forged ahead again under the influence of great prosperity during 
and immediately after the war.52 But during the twenties, ex
cluded for the most part from the German market, which had 
formerly been the chief outlet for its metal, the production of the 
AIAG has grown much less than that of the other European con
cerns. Its earlier position as the largest producer in Europe was 
first lost to the Vereinigte Aluminiumwerke, which was in tum 
outstripped by the French toward the end of the decade. The 
Swiss home market has, of course, always been much smaller than 
that of any other important prOducer. Faced with the problem 
of finding new markets for its metal in'international competition 
- a problem made more difficult. by. depreciation of the pound, 
mark, and franc - the N euhausen firin extended its. control into 
the semifabricating and finishiIig branches. .. 

The AIAG has evaded in some degree the force of nationalistic 
measures restricting importation of aluminum into various coun
tries by, carrying out part of its expansion in facilities for produc
ing the basic product in such countries, notably in Italy, Austria, 
Spain, and Germany, where it is now equipped to produce per
haps 19,000 tons in the aggregate.53 At home capacity was ex
panded somew1J.at by the construction of two new power plants 

.. A large part of this was evidently the result of a very favorable war-time con
tract with the German government, under the terms of which the latter was forced 
to receive substantial amounts of metal for a year or two after the armistice and 
to pay in Swiss francs. See Aluminium, II, Heft 7, p. II (February 16, 1920) • 

.. Speeches in general meetings of the corporation, 1925 and later years. Reported 
in Alulninium, VII, Heft 5, p. 10 (March 16, 1925) j vm, Heft 8, p. 9 (April 30, 
1926) j IX, Heft 8, p. 5 (April 30, 1927). 
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near Chippis, the Illseewerk and Turtmannwerk of about II,OOO 

h.p. and 21,000 h.p. respectively, which were completed in 1925 

and 1926.54 Since part of this power was devoted to other 
products, aluminum capacity was not increased markedly. The 
capacity of the reduction works in Switzerland at present is prob
ably between 25,000 and 30,000 tons per annum. 

At the outbreak of the war there were four aluminum companies 
in France united in a domestic cartel, l' Aluminium Franc;ais. In 
1916 the more aggressive of the two older concerns, the Compagnie 
Alais, absorbed one of the two remaining outsiders, the Societe des 
Forces Motrices de l' Arve. During the war the capacity for 
aluminum production was not enlarged in France, but the 
Compagnie Alais took over Det Norske Nitridaktieselskab, which 
had begun to manufacture aluminum in 1914 at Eydehavn, Nor
way, where 25,000 h.p. was used. In 1916 another reduction 
works was put into operation at Tyssedal, using 30,000 h.p., in 
order to meet the growing demand of the Allied powers for alumi
num. Evidently French penetration of Norway was considered a 
war measure only.55 The Compagnie Alais was at the time con
sidering ambitious projects for expansion in Italy, the Balkans, 
and India. In any event two-thirds of the capital of DNN were 
sold in equal parts to the British Aluminium Company and the 
Aluminum Company of America in 1923. 

A year or so after the close of the war the old Froges concern 
was absorbed by the Compagnie Alais, which thenceforth was 
known as the Compagnie de Produits Chimiques et Electrometal
lurgiques Alais, Froges et Camargue, or, in brief, the Compagnie 
AFC.58 This merger, which brought seven of the eight reduction 
plants in France into one organization, left the Societe d'Electro
chimie, d'ElectrometaIlurgie et des Acieries Electriques d'Ugine 
as the only remaining company. In so far as it concerns itself with 
aluminum, which has never been its chief product, the interests of 

.. Schulthess, "Die Entwicklung der AIuminiumindustrie in der Schweiz," Schwei
.erncM T,c/misch' Zeitschri/l, Jahrgang .1926, nos. 34-35, p. 6. 

• See Victor Barut, L'lndwtrie d, "Bect,,,-chimie d de l'elect,,,-mitaUu,gie en 
P'IJrIU (Paris, 1924), p. 160, who quotes M. Badin as follows: "Bah, nous en 
IOrtirons. • •. Ne faut-il pas ~tre marin pour faire de I'aluminium en Norvege? 
Mais oui, pan:eque l'industrie y est surtout une question de transport maritime." 

- Most of the following information about this company has been secured from 
Its annual reports, JFE, and the Revue de "aluminium. 
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this firm have been closely allied with those of the Compagnie 
AFC through l' Aluminium Frant;;ais and one or two joint ventures. 
In 1928 some shares of the Societe d'Electrochimie were bought 
by the Compagnie AFC. The latter, whose principal product is 
aluminum, has.regularly produced 90 per cent or more of the 
total (output. 

After the addition of a small plant at Les Clavaux, belonging 
to the Societe d'Electrochimie, about 1920, the aluminum capacity 
in France remained substantially the same until the middle of 
1924, when a plant of the Compagnie AFC came into operation at 
Beyrede, where water power had been developed before the war. 
With a great growth in demand in the early twenties the company 
carried through a program of expansion which brought into opera
tion between 1925 and 1929 three new water-power developments 
and adjacent reduction plants at Riouperoux, St. Auban, and 
Sabart. A small plant at Venthon was opened by the other French 
producer in 1928. The total capacity for aluminum production in 
France, which had been, perhaps, 20,000 tons in the early twenties, 
appears to have been increased to more .than 30,000 tons at the 
end of the decade. Three other water-pow;er developments of the 
Compagnie AFC are just about 'completed. Whether reduction 
capacity has also been extended,' ~ the last few years does not 
appear. Perhaps one may infer, from, the growth of closer relations 
with a large power company in the same region that it is intended 
to sell a substantial part of the additional energy. In 1925 the· 
plants of Det Norske Nitrid were expanded somewhat. Fabricat
ing mills, foundries, and other facilities of the Compagnie AFC 
have been greatly extended, and this company, which is said to 
own, about 40 per cent of the extensive French bauxite deposits, 
haS recently been purchasing more ore lands abroad. 

The capacity of the English aluminum industry remained un
changed for more than a decade after 1914, although the amount 
9f metal produced under British control was increased by partici
pation of the British Aluminium Company in Det Norske Nitrid 
of Norway. In accordance with an agreement between the Eng
lish government and the British Aluminium Company plans were 
laid during the war for an extensive hydroelectric development 
near Lochaber in Scotland.57 Parliament did not, however, pass 

.. Information upon this development is found in the following sources: Econ-
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the requisite legislation until 1921. After further delay of four 
years the North British Aluminium Company waS incorporated to 
undertake the development. A loan of £2,5°0,000 was guaranteed 
by the government to reduce interest charges. With the addition 
of about 45,000 h.p. upon the completion of the first stage of this 
development in 1929, capacity for aluminum production in the, 
British Isles was more than doubled. At that time it was contem
plated that the second stage, which would add about 75,000 h.p., 
making this the largest hydroelectric development in Great 
Britain, would be finished by 1938. In spite of low interest charges 
the energy cost at the new plant is probably quite high relative to 
that which would be incurred in Norway, where the British Alu
minium Company was already firmly established. Since the war 
this company has climbed from its inferior pre-war position to a 
point where its output more nearly approaches that of the other 
leading European concerns. The small Aluminium Corporation 
undertook to secure for itself a substantial slice of the expected 
growth in business by development of 50,000 h.p. on the Glomfjord 
in Norway. This plant had scarcely been completed, however, 
when the depression forced the company to sell its entire property 
to the international cartel. 

The largest increases in aluminum capacity in the thirties will 
take place in Russia if even a fractional part of the ambitious 
plans of the Soviet government is realized.fiB The known deposits 
of bauxite in Russia are estimated to contain at least 5,000,000 

tons of ore. It is said that the Russians intend also to produce 
aluminum from alunite, supplies of which are estimated at 
100,000,000 tons of metal. The first reduction plant produced 
4,000 tons of aluminum in 1932 at Swanka, using power from the 
Wolchow River. In the following year the great Dnieper power 
plant began to deliver energy to near-by reduction works, which 
were brought to an annual capacity of 20,000 tons in 1935.fi9 

Aluminum plants at Rion and Kamensk are now under construc
tion. The second five-year plan calls for a total capacity in these 

-Ul, LXXXVI, 550 (1918), XCIV, 642 h922}, XCVIII, 704 (1924), C, 621 
(1925), CXU, 747 (1931); CllntJdia" Mi";", Joul'1llll, LI, 1204 (1930); E",illeet', 
CLV,559 (1933); E"gilleeri"" CXXXV, 636 (1933). 

-IMlISlrial 11M E",illeeri", Cltemisl", News Edition, XU, 247 (July 10, 1934). 
- MW, lCaY, 154 (1935); Mifte,/Ils YeMbook, 1936, p. 411• 
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four plants of nearly 100,000 tons by 1937. It provides also for 
five other aluminum plants which, if completed according to 
plans, will enlarge total capacity to 230,000 tons per year, more 
than the estimated present capacity of either Europe (exclusive 
of Russia) or America. 

A material growth in international competition during the post
war decade is evidenced by the larger foreign trade figures and 
by the increased investments in foreign countries. The leading 
role in foreign expansion has been taken by American capital. In 
addition to the acquisitions already described, it was said in the 
European press that the Americans attempted to purchase sub
stantial interests in the Vereinigte Aluminiumwerke and the 
Bauxit Trust, and negotiated with the Hungarian and Italian 
governments about concessions relative to the establishment of 
organizations for aluminum production in those countries. What
ever the truth concerning these matters, both the French and 
Swiss companies took steps, ostensibly directed against the 
Americans, to prevent purchase of control by outsiders. In 1927 

the Compagnie AFC issued to some of its stockholders a small lot 
of class B shares, each of which carried, twenty times the voting 
power of one old class A share.60 This example was followed in 
the next year by the AIAG, which issue!la new class of preference 
shares possessing a total voting power equal to that of the old 
shares.61 Transfer of the voting rights by sale of such shares was 
made subject to approval of the board of directors. 

In 1934 the B shares of the Compagnie AFC were withdrawn 
to meet a change .in the law. Their owners received two new A 
shares for three B shares, with the result that the capital stock 
now consists entirely of one class of shares, each' of which 
possesses one vote~ Some measure of protection against foreign 
purchase still"'r~~ains, however, inasmuch as French owners of 
registered personal shares are entitled to a double vote when their 
shares have been registered in their names for five years.62 The 

.. This gave the class B shares 16,000 votes in the aggregate as against 20,000 for 
class A. When capitaJization was increased in 1929, the number of class B shares was 
increased in such proportion that both classes possessed an aggregate of 25,000 votes. 
The class B shares had one vote each, while class A shares had one vote for each 
.block of 20 (JFE, xxxv, 179, 1926, and annual reports of the company). 

OJ. See annual report of the company for the year 1927, and press comments • 
... This applies both to the new shares and all old shares registered in the name of 



EXPANSION AND POUTICAL RELATIONS 91 

AIAG has evidently decided that the threat of foreign control has 
passed. In the spring of 1935 it recalled the preference shares 
issued seven years earlier." 

Expansion across national horders has not, of course, been 
confined to the Americans. Under the influence of competition for 
limited resources of ore and power (a topic which will be discussed 
in some detail in a later chapter) the European companies have 
also made extensive investments abroad. This tendency has been 
heightened by nationalistic policies restricting export of ore or im
port of metal. Next to the growing exploitation of the oppor
tunities in Norway the developments in Italy have been the most 
significant. Until a few years ago the production of aluminum in 
this country was of negligible importance." 

The peace settlement had given Italy large reserves of good 
bauxite in Istria. Many of these deposits had been purchased by 
foreign capital, in particular the German state aluminum enter
prise, before the Fascist regime became well established. In the 
middle twenties the Superior Council of National Economy under
took an intensive study of aluminum, and power to regulate the 
production ana export of ore was conferred upon the minister of 
national economy. Apparently no official decree was promulgated, 
but exports from· Istria were in fact limited to 100,000 tons per 
year beginning in 1926, and it was made clear that the government 
intended to foster home production of aluminum.8G It appears that 
the Italian government, in conjunction with private interests, then 
began to negotiate with the various existing producers of the 
world relative to the establishment of a domestic industry which 
might avail itself of their experience, capital, and ore resources. 
Evidently the Germans and the Swiss were prepared to make the 
best offer. The Societa Italiano dell'Alluminio was organized by 
the Vereinigte Aluminiumwerke and the Montecatini group of 

the same owner or his legal heirs for five years (AssembUes gmeriJles, xxx, 689, 
June 23. 1934; hereafter AG). 

• MW. XIV, 334 (April 26, 1935). 
• ODe small plant was operated at Bussi by Italian enterprise from 1910 on until 

its recent sale to the Neuhausen firm. The Compagnie Alais operated another small 
plant in Italy for a few years during and after the war. This was also sold to Neu
hau.sen recently. 

• The Istrian mines were organized for a maximum output of 350,000 tons per 
year at that time. In 1928 the aport contingent was raised to 130,000 tons. 
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Milan.66 It has built an aluminum plant at Mori in the southern 
Tyrol, whereit could develop its own water power. An alumina 
firm, owned in common, has a factory in Marghera, near Venice, 
for digestion of Istrian ore. The reduction works, which had a 
capacity of about 6,000 tons, began to operate at the end of 1928. 
In 1935 the whole of the German interest in the aluminum enter
prise was sold to Montecatini.67 The S. A. Veneta dell'Alluminio, 
formed by Neuhausen and an Italian group, also began to pro
duce metal in 1928 in a plant at Marghera which had about the 
same capacity as that in Mori. Energy is generated at Cismon in 
the near-by mountains. Aluminium Lirirlted purchased a small 
plant at Borgofranco which formerly belonged to the French. 
Until quite recently the capacity of plants in Italy was estimated 
at about 13,500 tons per year.6S It appears that this has been en
larged somewhat in the last year or so. The Italians have also 
expended much effort in an endeavor to develop a satisfactory 
process for obtaining aluminum and potash from leucite, a type of 
rock which abounds in Italy. Although it is said that no process 
yet discovered can compete economically with the existing methods 
of reducing the metal from bauxite, it has been demonstrated that 
it is possible technically to secure aluminum from leucite. 

In 1927 a small plant was opened in Spain by Aluminio Es
pafiol, owned jointly by Neuhausen, tIle Compagnie AFC, and the 
Aluminum Company. The latter interest was later sold to the 
other two. The Spanish government is said to have encouraged the 
creation of this company. Whatever other favors may have been 
bestowed, the tariff was raised from 8 ,gold pesetas per 100 kilo
grams to a protective figure of 82.50 gold pesetas per 100 kilo
grams (equivalent to about 30 per cent ad valorem at the time). 
Several of the new countries of Central Europe strove for several 
years after the war to foster domestic aluminum industries. Jugo
Slavia, Hungary; and Rumania all placed restrictions on the ex
port of bauxite and attempted to interest foreign or domestic capi-

.. See annual reports of Vereinigte Aluminiumwerke. The Germans had an inter
est of 40 per cent (Handbuch de, deutschen Aktiengesellscha/ten, Ausgabe 1934, I, 
293). 

"'MW, xv, 313 (1936). The Germans retained ownership of an the shares of the 
Societa Allumina, but the alumina plant in Marghera was sold to Montecatini and a 
toll arrangement made . 

.. JFE, XL, 361 (1931), abstract from annual report of Montecatini. This esti
mate has been verified in other sources. 
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tal in establishing reduction works within their borders. When 
these endeavors proved fruitless some of the restrictions were aban
doned. Hungary agreed in 1926 to allow the export of 350,000 
tons per annum to Germany for twenty-five years. According 
to a recent report a reduction plant with a capacity of 6,000 tons 
was finally put into operation in Hungary· during the early part 
of 1935 by the firm of Manfred Weiss. A protective tariff was 
imposed in Apri1.69 The government of Japan also made fruitless 
efforts for many years to foster the establishment of a domestic in
dustry. The lack of bauxite in the Japanese islands directed at
tention to the use of native clay. A government commission re
ported in 1926 that aluminum could be made from this material 
at the cost of $750 per ton, which was $200 greater than the import 
price at the highest level of price during the last ten years. Within 
the past two years a small aluminum producing plant has finally 
been established in Japan by the Japan Aluminum Reduction Com
pany. The growth of economic nationalism since the war is also 
exemplified by the general increase in tariffs on aluminum in the 
leading European producing countries which began about 1926. 

It is not surprising that after the restoration of normal peace
time relationships the increasing competitive influences in Europe, 
supplemented, perhaps, by some fear of the growing American 
investment in Europe, resulted in the formation of a formal cartel 
organization in 1926 to replace the temporary gentlemen's agree
ments which had existed between some of the firms in the early 
twenties. The cartel was composed of l' Aluminium Fran~ais, rep
resenting the two French producers, the AIAG of Neuhausen, the 
Vereinigte Aluminiumwerke, and the British Aluminium Com
pany. The Americans did not enter the organization. This cartel, 
which was renewed for three years in 1928, achieved no strong 
control over output, although it regulated price effectively. In 
1926 substantial augmentations of capacity had just been made or 
were in process of completion, and costs had already been reduced 
somewhat. During the next few years the cartel lowered price by 
nearly a third of the 1926 high. Since costs were apparently re
duced by 20-25 per cent between 1925 and 1930 the profits of the 
cartel members dia not suffer greatly. Perhaps the cartel pre
vented quotations from f8.IIing as far as they otherwise would 

-MW, XIV, 356 (May 3, 1935). 
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have, especially after the depression began. The success in the 
control of the ingot price was not, however, reflected in the world 
markets for half-products and finished goods, where price re
ductions were greater. It was clear by 1931 that a stronger or
ganization would be necessary if stringent control of output were 
to be achieved. An additional incentive for a more closely-knit 
organization lay in a desire to pool the large stocks which had 
accumulated. Furthermore, Aluminium Limited was at last will
ing to join a strong cartel. As a result, there was incorporated in 
Switzerland late in 1931 the Alliance Aluminium Compagnie, 
which is a highly centralized cartel designed to regulate produc
tion, sales, and price. It also finances the pool of accumulated 
stocks. Although organized as a corporation, it is not, of course, 
a holding corporation which unifies control of investment and 
manufacturing policies. 

The Alliance cartel includes all leading producers except the 
Aluminum Company of America, the Russians, and the Italian 
companies. It appears that the latter remained outside at the in
stigation of the Italian government, which desired to have the 
domestic industry developed free, from:restrictions. The Italian 
import duty was nearly doubled.fuI93r; Owing partly to govern
ment patronage the Italian firrilshave produced almost ,to capacity 
during the depression. In 1934' 'the' government prohibited im
ports of aluminum ingot and scrap and restricted the import of 
copper in order to save exchange and :to facilitate the maximum 
use of aluminum where it could be sub~tituted for its dusky prede
cessor.70 Apparently the German gov~rnment has insisted that 
output for domestic consumption be free from cartel restrictions. 
Under the influence of Nazi rearmament and governmentencour
"agement of substitution for copper the production of aluminum 
iIi Germany in 1934 was twice that of the foregoing year, and 
nearly: doubled again in 1935. During the summer: of 1934 the 
use o(¢opper' fpr., transmission lines was prohibited, and the gov
ernment made 'serious attempts to encourage the adoption of 
aluminum for many other purposes formerly served by imported 
copper. The capacity of the government plants was increased 
during 1934 and 1935 from about 32,~00 tons to perhaps 55,000 

.. Metals, V, 18,31 (December 1934). 
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tons, while the other two plants in Germany were also enlarged. 
Consumption, which had been less than 35,000 tons in 1933, rose 
to nearly 60,000 tons in the following year, and exceeded 90,000 

tons in 1935.11 In France the government acted to conserve fu
ture supplies of aluminum by a decree issued in April 1935 which 
forbade exportation of bauxite, alumina, or "aluminum.72 

In 1932 the total capacity of European aluminum works, ex
cluding the first small Russian plant, seems to have been about 
180,000 tons per year, and that in America about 165,000 tons. 
Since the European capacity owned by Aluminium Limited was 
almost exactly equal to the difference between these figures, Amer
ican companies possessed about 180,000 tons estimated capacity 
and European firms about 165,000 tons. In the past few years the 
situation has been altered. While American capacity seems to 
have remained the same, enlargement of the German works, sup
plemented by small additions in Hungary, Sweden, and Italy, 
has carried total European capacity, exclusive of Russia, to about 
220,000 tons, less than 20,000 tons of which are owned by Alu
minium Limited. In 1932 the German, Swiss, and French firms 
were nearly equal in size, each commanding about 40,000 tons' 
capacity. Now the German government corporation has reached a 
capacity almost equal to that of Aluminium Limited, while the 
others do not appear to have grown substantially. 

In the three years 1928-1930 the output of the United States 
and Canada exceeded that of European plants by a small margin.7S 

During the depression American production fell much farther than 
European volume. In 1935 European output, exclusive of Russia, 
substantially surpassed pre-depression figures and amounted to a 
little more than double the American production, which remained 
below its 1930 high. Output in plants of Europe outside Germany 
and Russia, however, still remained in 1935 about 15,000 tons 
below their total for 1929. Estimated capacities of the various 
aluminum companies and the distribution of capacity between 
countries are shown in Tables 9 and 10 • 

.. MW, xv, 311 (1936) • 

.. Mi,ulrtJU Y""bDok, 1936, p. 409. 
• Output figures are given in Table 38, p. 569. 
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TABLE 9 

ESTIMATED CAPACITIES OF ALUMINUM COMPANIES OF THE WORLD IN 1936 * 

Company and Plants 
Estimated Capacities 

(Metric Tons per Year) 

Aluminum Company of America 
Alcoa, Badin, Niagara Falls, Massena, U. S~ A. ..... 

Aluminium Limited 
Aluminium Company of Canada, Arvida andShawin-

igan Falls, Canada ....................... . 
Norsk Aluminium Company, Hoyanger, Norway, and 

Mansbo, Sweden ......................... . 
One-third interest in DNN, Eydhavn and Tysse, 

Norway ................................. . 
Societa dell'Alluminio Italiano, Borgofranco, Italy .. 

40,000 

13,000 

5,000 

1,500 

Total ................................ 59,500 

Vereinigte Aluminiumwerke A. G. 
Lautawerk, Erftwerk, Innwerk, Germany ....... . 

Compagnie Alais, Froges et Camargue 
L'Argentiere, Calypso, St. Jean, La Praz, La Saussaz, 

Auzat, Chedde, Beyrede, Riouperoux,.St. Auban, 
Sabart, France ...........•.... ;........... 30,00Q 

One-third interest in DNN ..................... 5,000 

aile-half interest in Aluminio Espanol, S. A., Sabi-
nanigo, Spain ............................ 1,000 

ToW ............................... -. .. 36,000 

125,000 

59,500 

55,000 

36,000 

* The figures of this table represent rough estimates of the yearly capacities 
of aluminum reduction works under typical conditions of power supply. They 
have.been derived from study of estimates reported in the literature and pro
duction figures at times when it was known plants were working at capacity. 
The error in the figure for each company, with the possible exception of the 
AlumiIlUni.: Company of America and the Soviet government enterprise, is 
probably less than 5,000 tons. 
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TABLE 9 - Continued 

Company and Plants 
Estimated Capacities 

(Metric Tons per Year) 

Aluminium Industrie A. G. 
Chippis and Neuhausen, Switzerland ............ . 
Lend, Austria ............................... . 
Rheinfelden, Germany ........................ . 
S. A. Veneta dell'Alluminio,t Marghera, Italy .... . 
One-half interest in Aluminio Espanol, S. A. . .... . 

27,000 

4,000 

8,000 

6,000 

1,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 46,000 

British Aluminium Company 
Foyers, Kinlochleven, Lochaber, Scotland 
Vigelands and Stangfjord, Norway ............. . 
One-third interest in DNN .................... . 

20,000 

4,000 

5,000 

Total ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 29,000 

Aluminiumwerke, G.m.b.H. 
Bitterfeld, Germany .......................... . 

Societa Italiano deIl'Alluminio 
Mori, Italy .................................. . 

Aluminiumwerke Manfred Weiss A. G. 
Csepel, Hungary ............................. . 

Alliance Aluminium Compagnie 
Doigarrog, Wales ............................. 1,500 

Glomfjord, Norway .................... '" .... 4,000 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5,500 

Societe d'£lectrochimie 
Premont, Les Clavaux, Venthon, France ......... . 

Gebriider Giulini 
Martigny, Switzerland ........................ . 

Aluminiumwerke Steeg 
Steeg, Austria ............................... . 

Soviet Russia ................................... . 
Japan Aluminum Reduction Company .............. . 

Total ........................................ . 

t Owned jointly with an Italian group. 

4 6 ,000 

29,000 

12,000 

7,000 

6,000 

5,500 

3,500 

1,500 

1,000 

30 ,000 

5,000 

4 22 ,000 
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TABLE 10 

ESTIMATED CAPACITIES FOR ALUMINUM PRODUCTION IN 1936 BY COUNTRIES 

Country 
Estimated Capacities 

(Metric Tons per Year) 

United States ...................................... . 
Germany .......................................... . 
Canada ........................................... . 
Norway ........................................... . 
France ............................................. . 
Russia ............................................ . 
Switzerland ........................................ . 
England ........................................... . 
Italy ............................................. . 
Hungary .......................................... . 
Austria ............................................ . 
Japan .............................................. . 
Spain ............................................. . 
Sweden ............................................ . 

Total 

125,000 

75,000 

40,000 

34,000 

33,500 
30,000 

28,500 

21,500 

14,500 

6,000 

5,000 

5,000 
2,000 

2,000 

4 22,000 



PART II 

NATURE OF MARKET CONTROL-THE BASIC 
PRODUCT 



CHAPTER V 

EARLY MARKET CONTROL 

I. MONOPOLY IN AMERICA 

DURING the prosperous years 1905-1907 several new aluminum 
producers sprang up in Europe, where the basic patents had al
ready expired. While they remained rather small relative to the 
old firms, some of them threatened to become capable competi
tors. Although the life of the Hall patent ended in 1906, the 
American company was protected throughout these boom years 
by the Bradley patent, which lasted until 1909. Conjecture as 
to what might have happened if no patent had been issued to 
Bradley, or if the delay in its issuance had not occurred, is not al
together idle. Had patent protection ended in 1906 it is highly 
improbable that the Aluminum Company would have attained 
by that time the degre of size, integration, and power which, after 
the intervening boom years, faced potential competitors in 1909. 
Furthermore, at the time when the Bradley patent lapsed, new
comers were confronted with the additional deterrents of indus
trial depression and low-priced imports from Europe. Extension 
of patent protection to twenty years destroyed the opportunity 
for competitors to enter at a period when conditions were per
haps more favorable than they have ever been since. 

Part II of this study will consider the reasons for the con
tinuance of the monopoly of primary or virgin ingot production 
in the United States for the quarter-century since the expiration 
of the basic reduction patents; the extent of competitive and 
monopolistic elements in Europe; and the nature of international 
relations in this industry. 

In the year in which the Bradley patent expired The Mineral 
Industry made the following prediction concerning competition: 

Even with the large advantages of a long-established and well-organized 
business, ample facilities in the way of hydroelectric power and supplies of 
raw material, plenty of capital, and the fact that it is at present able.to man
ufacture more than sutlicient metal to take care of domestic consumption; 
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this company cannot hope to deter other metallurgical interests from en
gaging in the production of aluminum if it continues in the "standpat" policy 
of high prices, which it has followed to date.1 

While misleading in its emphasis upon price policy,! this state
ment points the clues to the continuance of monopoly in the alu
minum industry. During the last few years before expiration of 
the Bradley patent the Aluminum Company of America apparently 
received average earnings of somewhere between 30 and 40 per 
cent upon its total assets.3 The average annual rate of return 
seems to have been over 15 per cent in the years 1909-19II and 
nearly 20 per cent in the next three years.4 A tariff of 9 cents per 
pound until 1909 and 7 cents until 1913 contributed in some meas
ure to this record}; It must have been apparent to anyone familiar 
with the metal industries during the decade 1905-1914 that the 
,increasing use of this new metal was proceeding by great jumps. 
Here, one would think, was an inviting prospect for new capital 
and enterprise. During this period the press contained announce
ments of projected companies about to enter the field, but no re
ports of actual productive operations. Why was this tempting 
invitation so completely declined? The answer seems to be found 
~iefl.y in the expansion policy, facilitated by tariff protection, 
upon which the Aluminum Company· embarked four years before 
the patent expired and at the time-wpen the upward swing of 
demand for the young metal began - an expansion which con
sisted in the purchase of a large part of the deposits of domestic 
bauxite economically suitable foniluminum reduction 'and a tre
mendous increase in power resources and power plant, reduction 
cell, and semifabricating capacity. Contributory. elements were 
the scarcity of aluminum metallurgists and igl'l~rance concern
ing the financial success of the company and the probable move
ment of demand. 

Commercial bauxite consists of hydrated oxides of aluminum 
nrlXed wi~ oxides of iron, silicon, titanium, and other elements 

'M1, xvm, 20 (1909). 
• See below, pp. III If. 
• Above, p. 30. 
• Sources of,.infonnation upon profits are given in Chap. XI and Appendix C. 

Owing to inadequate data the figures may not be considered precisely accurate, but 
it is believed that they reflect roughly the changing trends. 

• In 1913 the duty was lowered to 2 cents per pound. 



EARLY MARKET CONTROL 103 
in varying quantities. It ordinarily contains between about 50 
per cent and 65 per cent of aluminum oxide. Although most baux
ites can be used interchangeably in the manufacture of aluminum, 
alum and aluminum salts, artificial abrasives and refractories, to 
some extent it appears to be more economical to use bauxites of 
particular compositions for particular products.8 Thus the purest 
bauxite seems to be especially suited to the requirements of the 
chemical trade. 

We have seen that the Pittsburgh Reduction Company had 
purchased ore in the Georgia-Alabama field during the nineties. 
Just before the turn of the century it acquired several hundred 
acres of bauxite lands in Arkansas.7 During the next ten years or 
so ownership of the deposits in both fields became concentrated in 
the hands of a few firms. By 1909 there were only four operators 
mining bauxite in the country.8 Some of the deposits in the south
ern field were economically satisfactory for the production of 
aluminum, but it appears that two counties in Arkansas contained 
reserves of bauxite suitable for aluminum which were equal to 
many times the tonnage existing in the other field.9 In 1905 the 
Pittsburgh firm purchased from the General Chemical Company 
all, or nearly all, of the stock of the General Bauxite Company, 
which owned a substantial portion of the Arkansas ore, as well 
as holdings in the southern states.lO At the same time a long
term contract was made between the General Chemical Company 
and its erstwhile bauxite subsidiary, whereby the former was to 
be furnished with its ore requirements for the chemical business 

• In 1916 about 70 per cent of the domestic bauxite mined was used for aluminum 
(MR, 1916, p. 168). In the twenties about 65 per cent was used for alumina (most 
of which probably went into aluminum), 16 per cent for chemicals, 14 per cent for 
abrasives, and 4 per cent for aluminous cement (BMTC v. ACOA appellant, fo!' 
5262). 

• United States Geological Survey, 21St Annual Report (1899-1900), III, 467. 
• Tarill Hearings 1908-1909, House Committee on Ways and Means, p. 775; MI, 

xvn, 79 (1908). The four firms included those whose product was used chiefty for 
the manufacture of chemicals and abrasives, as well as those mining bauxite for 
aluminum. While these four did not own all the deposits capable of economical 
exploitation they had been increasing their holdings. 

• MI, XVI, 98 (1907), and other years, passim; United States Geological Survey, 
Jut Annual Report, lot:. a&.; MR, passim. 

IOMI, XIV, 46 (1905); petition and decree, U. S. v. Aluminum Company 0/ 
AtlUrica (1912), reprinted in Tarill Hearings, 62 Cong., 3 Sess., House Doc. no. 
1447, II, 1519-1537. The decree appears below, Appendix D. 
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and agreed in return not to use or sell to others for the purpose of 
aluminum reduction any bauxite or products thereoU1 The Gen
eral Bauxite Company agreed not to use or sell to others, without 
the consent of the General Chemical Company, any bauxite for 
manufacture in the United States of certain specified chemicals. 
Performance of the provisions of the contract was guaranteed by 
the Pittsburgh Reduction Company. This acquisition gave the 
aluminum firm ownership of a substantial part of the known 
bauxite deposits in this country.12 In 1909 another long-term 
contract was made with the Norton Company of Worcester, a 
manufacturer of abrasives, by which this firm sold to the Alu
minum Company the entire capital stock of the Republic Mining 
and Manufacturing Company.1S The latter corporation owned 
large tonnages of ore suitable for aluminum reduction, as well as 
large reserves of the sorts of bauxite used in the preparation of 
chemicals and abrasives.14 A forty-acre tract of bauxite land in 
Arkansas became the property of the Norton Company by the 
terms of the contract, which also provided that the Norton Com
pany would not use or sell bauxite from that tract for the purpose 
of conversion into aluminum. The Norton Company also agreed 
not to sell or lease the forty-acre tract except subject to the same 
restriction. It further agreed not to use or sell any other bauxite 
or products thereof, later acquired in the United States or Canada, 
for the purpose of making aluminum. The Aluminum Company 
agreed to furnish the Norton C~mpany with an annual maximum 
tonnage of ore suitable for its operations, and to refrain from com
petition with the Norton Company and from assisting others to 
compete with it in the manufacture and sale of its abrasive alun
dum. Certain patents were also interchanged. 

In 1907 the Aluminum Company contracted to buy 37,500 tons 
of alumina from the Pennsylvania Salt Manufacturing Company 
over a period of five years, with an option to renew the contract 
for five years more in 1912. The latter firm agreed not to enter 
the business of aluminum reduction during the life of the con
tract. In a covering letter it assured the Aluminum Company that 

nThe contract appears in BMTC v. ACOA appellant, fols. 7108 fl. 
1OMI, xv, 15 (1906); Tariff Hearings, 1908-1909, I, 769. 
'"The contract is reprinted in BMTC v. ACOA appellant, fols. 7156 fl. 
U Statement of its president (Tariff Hearings, 1908-1909, I, 775). 
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it would Dot assist anyone else to enter the aluminum business or 
sell alumina to anyone for the purpose of making aluminum.11I 

The restrictive clauses concerning bauxite and alumina in the 
contracts with these three companies were annulled by court 
decree in 19 I2. 

In denying that ore lands had been bought for purposes of con-. 
trol, an officer of the Aluminum Company said that "the Alu
minum Company of America has purchased bauxite only for its 
own needs, and its reserve supply of bauxite is in fact too smaIl 
a reserve for its own business." 18 Recently a representative of 
the company, in testifying upon the purchases of the General 
Bauxite Company and the Republic Mining and Manufacturing 
Company and the restrictive agreements incident thereto, has ex
plained that the supplies of ore in this country commerciaIly suit
able for the manufacture of aluminum, chemical products, and 
abrasives respectively were so limited that the Aluminum Com
pany, the General Chemical Company, and the Norton Company 
were all concerned about keeping or procuring adequate reserves 
for the future.IT It was testified that the Aluminum Company con
sidered that it possessed about one million tons of bauxite before 
the purchase of the General Bauxite Company, which brought the 
total to something like three million tons. It was estimated that 
acquisition of the Republic company added about two millions 
more.11 In 1913 control of another bauxite property estimated 
to contain between two and three million tons was obtained.IS No 
important domestic deposits were acquired between 1909 and 
1913 or subsequent to the latter date.20 Large amounts of the ore 
mined by the Aluminum Company have been sold to other indus
tries consuming bauxite. 

It is impossible to ascertain exactly what proportion the re
serves of the Aluminum Company made of all known deposits in 

• The contract and letter are reprinted in BMTC v. ACOA appeJlant, fols. 7228 ff • 
.. Tarilf Hearings, 1912-1913, House Doc. no. 1447, n, 1512. 
If BMTC y ACOA appeJlant, fols. 5515~532, S85H869, 6101-6103. 
"ltIid., fols. 6104-6106. These estimates, made at the time, have apparently turned 

out to be too low. 
-Ibid., fols. 5104, 6107; BR, pp. n6-n7. This transaction was completed after 

the assurance of the Department of Justice had been received that it would Dot 
appear to violate the CODJalt decree which had just been entered against the com
pany. 

-BR, p. 98. 
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this 'country of bauxite economically- suitable for aluminum re
duction at the time of the expiration of the Bradley patent and in 
ensuing years. In its petition for an antitrust decree in 1912 the 
government alleged that the company had acquired 90 per cent 
of all the known deposits in the United States and Canada which 
were economically suited for production of aluminum.21 The 
Department of Justice did not ask that the company be required to 
dispose of any of its deposits, and the consent decree which issued 
contained no finding about the proportionate ownership of baux
ite.22 A bauxite official of the Aluminum, Company has recently 
stated that prior to 1913 the company had acquired less than half 
of' the domestic deposits, and that the situation with respect to 
ownership of domestic ore is unchanged at present.23 He added, 
"I honestly would not know whether to select that [owned by 
others] or our own if I had a chance to pick one or the other. I 
mean, because of location and quantity." 24 The same officer 
also stated several years ago that there was plenty of bauxite in 
the United States available to anyone wishing to enter the alu
minum business.25 This testimony is, however, quite as unsatisfac
tory as the simple allegation of the government, for it does not 
state what proportions of the domestic deposits economically 
suited, considering location, quality, depth, and so OD, for im
mediate production of aluminum were: owned or controlled by the 
Aluminum Company in various years from 1909 on. In 1912 it 
was said that the American Bauxite Company, which had been 
created to own and operate the "Arkansas holdings of the Alu
minum Company, owned 90 per, cent Of the bauxite lands in Saline 
County, where the larger part 6f the Arkansas ore was located.26 

1Il In the lGtchen Furnishings Report published in 1924 the Federal Trade Ccm
mission, apparently relying upon this petition of the Department of Justice, stated 
that "while operating under the patent monopoly the company succeeded in acquiring 
a substantial monopoly of the commercial bauxite properties in the United States 
suitablefo. the manufacture of aluminum'~ (pp" 9Q-91). This allegation of the eco
nomic division of the Commission was 110t adjudicated in the proceedings initiated 
by·the Commission iii 1925 under a complaint which concerned competitive meth
ods in the fabricating branches, although some testimony on owneIShip of bauxite 
was taken. . 

.. See below, p. lOS • 

.. BMTC v. ACOA appellant, fols. 5226, 5197 • 

.. Ibid., fol. 5199 . 

.. FTC Docket 1335, Record, pp. 5300 ff. Cf. also Aluminum Industry, II, 19 . 

.. Second Biennial Report 0/ the Arkansas Tax Commission (1912), p. 27. 
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In 1926 the Department of Justice referred to the "fact that that 
company [the Aluminum Company] owns practically all of the 
bauxite lands in the United States.'>27 How much exaggeration is 
contained in this statement is not known. In 1929 the president 
of the Dixie Bauxite Company, in a letter urging an increase in 
the import duty on bauxite, stated that there were millions of tons· 
of bauxite in Arkansas not yet under lease.28 Again it is not clear 
whether the ore referred to was commercially suitable for alu
minum.28 

Certain other considerations suggest that after 1909 there were 
not available in this country many large deposits of bauxite suit
able in amount, quality, location, and reservation price to pro
vide a basis for substantial ventures in the aluminum business. If 
that had been so there would have been little reason in the re
strictive agreements made with the General Chemical Company, 
the Norton Company, and the Pennsylvania Salt Manufacturing 
Company. Officers of a French company which intended to pro
duce aluminum in North Carolina have said that they could 
have secured bauxite in the United States in 1912; that it was de
cided, however, to bring over their own French ore because the 
Use of the obtainable American bauxite would have been more 
costly, all things considered.80 Presumably they would never have 
embarked upon the project at all unless they had believed that they 
could produce aluminum here as cheaply, or nearly as cheaply, 
as the Aluminum Company of America. Preference for their own 
ore implies that production with the remaining available Amer
ican bauxite would have resulted in a higher cost of production 
than that of the Aluminum Company; unless use of their French 
ore would have enabled a much lower cost than the expense inci
dent to use of the ore acquired by the Aluminum Company. But 
if that had been so, it is reasonable to suppose that the Aluminum 

.. BR, p. 84. This statement occurs in a sentence stating that the dominant posi
tion of the company in the aluminum industry at the time of the report was not 
related to its possession of bauxite in the United States. 

• MIJflu/adure1'1 Record, XCV, 70 (May 9, 1929). 
-The Dixie Company itself was mining ore from a depth of 150 feet and was 

described as "the only bauxite company in the world today using this system." If 
the bauxite not yet leased is aD deep down and if the cost of deep mining is greater 
than that of shallow mining, the remaining ore would not, of course, be commer
daIly on a par with the reserves of ore near the surface. 

• BR, pp. 113-116. 
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Company would have acquired large deposits of low-cost French 
ore, whether or not it accumulated reserves of high-cost ore here. 
Although the bauxite situation in Europe before the war is not 
altogether clear, it would appear that deposits of the better French 
bauxite could have been secured at least up to the middle of the 
first decade of the century. 

The restrictive clauses of the three contracts relating to baux
ite and alumina were annulled by a consent decree in 1912,S1 but 
the ownership of the deposits was left with the Aluminum Com
pany. The Department of Justice stated in its petition that it was 

advised that there are practically inexhaustible quantities of bauxite abroad, 
which may be mined and shipped into the United States at such prices as 
would enable independent companies to successfully compete with defendant 
were all other restraints removed from the aluminum industry. Hence, peti
tioner does not attack defendant's ownership of various deposits of bauxite to 
which it now has title.82 

Doubtless the Department also felt loath to ask the court to dis
turb acquisitions which, viewed from one angle, merely consti
tuted reserves for the future. The acquisitions of bauxite by the 
Aluminum Company obviously reduced the opportunity for others 
to enter the industry. Aluminum producers canno~ afford to 
jeopardize their investments in power and reduction facilities by 
relying for long on independent sources of raw materials. All the 
substantial producers acquired' reserves of bauxite in the first 
decade of the century. Ownership of ore may bring sOIne technical 
advantage as well as the moreobvio1,ls tactical ones. It seems 
significant that the only potential tmtrant which actually reached 
the stage of plant construction in this country possesed ore lands 
in Europe.33 It may be concluded that cheap imports from Euro
pean plining firms, as distinguished from ownership of foreign 

. !'1 A repreSentative of the Aluminum Company has recentIlr testified that the 
clause preventing the Norton Company from using or selling bauxite for pUrPoses 
of aluminum reduction was abrogated by mutual consent before the suit of the gov-
ernment was brought (BMTC appenaDt v. ACOA, fols. 703 if.)'. . 

II In the tariff hearings of 1912-1913 the company maintained that bauxite could 
be purchased at cheap prices from European mining companies and that satisfactory 
deposits of ore in Europe were available for purchase. Undoubtedly these points 
were urged .. upon the Department during negotiations prior to the filing of the 
government's petition (Tariff Hearings, p. 1512). 

• Above, p. 107, and below, pp. lIS if. 
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bauxite, would hardly have provided a secure foundation for con
tinuing existence. It is probable that deposits economically com
parable with those being used could have been purchased in 
Europe in the last pre-war decade. Manifestly this would have 
involved somewhat greater difficulties and uncertainties than 
would have attended the utilization of native mines, even though 
operating cost including the import duty of one dollar per ton 
might not have been markedly different. And in the last few 
years before the war the best European bauxite was being 
expeditiously gathered in by the established producers of alu
minum and alumina.84 With the rapid growth of the aluminum in
dustry, and the discovery and development of the commercial 
possibilities of deposits in South America and eastern Europe, for
eign ore deposits later became both necessary and advantageous; 
until 19I2 or so the Aluminum Company evidently considered a 
search for foreign bauxite neither exigent nor favorable. A po
tential rival might have found it undesirable. 

In this instance of limited natural resources, as in others, the 
Sherman Act as interpreted did not prevent the diminution of op
portunity for potential competitors to enter. It seems very un
likely that the court would have ordered divestiture of a substan
tial part of the bauxite lands if the Department of Justice had 
asked for that. No evidence has appeared that the Aluminum 
Company had repressed would-be purchasers, or coerced sellers, 
or paid artificially high prices. It may have been obvious in 19I2 

that the Aluminum Company would need all the bauxite it had 
acquired if it were to grow pari passu with the increase in demand 
in the next two or three decades.85 It should have been quite as 
plain that if new firms were to emerge they would also require re
serves, and that their existence would prevent the Aluminum Com
pany from growing at the same rate as demand. While it is doubt
less true that the company was quite sincere in the contention that 
all the reserves which it had purchased were needed for its future 
growth, it should also be recognized that possession of these re-

II Below, p. 119 • 
.. Of the 7 or 8 million tons of domestic ore estimated to belong to the Aluminum 

Company in 1913, apparently about S million tons have been used to date. Under
ground miaiag has revealed larger reserves than the origiaal estimates indicated, 
with the ftSUlt that the Aluminum Company now appears to possess about 7 mil
Iioll tons of domestic ore (BMTC v. ACOA appeDant, fols. 6106-6108). 
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serves tended to promote the continuance of more monopoly 
power than might otherwise have existed. Although possession of 
a large portion of the domestic ore suitable for aluminum might 
not alone have prevented the entry of new enterprise, it was a 
deterrent element which could, perhaps, have been removed more 
easily than the factor next to be considered.36 

In addition to accumulating large reserves of bauxite the Alu
minum Company expanded its operating facilities at all stages very 
rapidly after 1904 and purchased enormous reserves of potential 
power. In 1904 the installed energy of the company in the United 
States was about 15,000 h.p. and output was about 3,500 metric 
tons.37 In the ensuing two years both capacity and output were 
nearly doubled.3s By 1908 installed power had reached some
thing like, 70,000 h.p., a capacity which was not well utilized until 
1910, when output amounted to 15,500 metric tons. During the 
four years 1908-1911 the company was producing more metal than 
it sold, partly because of large imports from European producers 
suffering from depression at home.3D In 1912 and 1913, however, 
a spurt in demand exhausted accumulated stocks and strained the 
firm's capacity, which had grown by 20,000 h.p. since 1908. With 
the scarcity, which was accentuated by a railroad-car shortage, im
ports increased further. Expansion of operating equipment begun 
at this time raised capacity in thel1nited States to perhaps 180,000 

h.p. in 1915, or about double the capacity of 19 12. 
To conclude that prospects during "the years 191i":"1913 were 

inviting to promoters would overlook the force of facilities under 
construction and the potential capacity represented in 'riparian 
rights. Since 1906 the Aluminum Company had been, industri
ously acquiring the necessary rights and endeavoring to obtain 

18 1 imply.here no judgment upon the relative desirability of predominance of 
competitive 'or- monopolistic elements in the aluminum industry, Jor that cannot 
be made until after an examination of the consequences of monopoly. 1 simply 
point out that the antitrust Jaw as applied permitted some diminution in the op-
portunity '~or others to enter the industry. . 

or Statistics of production are given in Table 38- Estimates of capacity have been 
made from study of unofficial estimates published in trade journals and annual re
views and of ,p~obable maximum and minimum requirements for outputs in years 
when capacity" was said to be well utilized . 

.. During the same period capacity at Shawinigan increased from 5,000 to 15,000 
h.p. 

-Tariff Hearings, 1912-1913, pp. 1486 and 1507. See also above, p. 38. 
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the requisite legislation for the Long Sault project. Just before 
the war this was stilI hanging fire. In the four years 1909-1912 

more than $10,000,000 of earnings were evidently reinvested.40 

A part of this was used to increase plant at other stages than ingot 
production. Much of the rest probably went into the acquisition 
of riparian rights for the Tennessee project. During 1913 con~. 
struction of a million-dollar reduction plant was started at Alcoa, 
Tennessee, while Massena and Shawinigan were both undergoing 
enlargement. The year 1914 saw Alcoa taking an initial 20,000 

h.p. of purchased energy to begin ingot production before the 
hydroelectric development was completed. Capacity at Shawin
igan had now reached 40,000 h.p.,41 and in the following year the 
Cedar Rapids Power Station of the Montreal Light, Heat, and 
Power Company began to feed energy into the cells of a greatly 
enlarged Massena works under a contract calling eventually for 
85,000 h.p.42 The quickened war demand pushed all the new 
facilities to full utilization as soon as they could be completed, 
but during 1914 and the first part of 1915 the company was 
storing metal once more. Thus from 1908 until the latter part of 
1911 the Aluminum Company had operating capacity sufficient 
to meet demand at lower prices than it was charging. By the time 
that increasing demand strained the facilities at this level of price, 
the company had acquired extensive resources of power and ore 
and was announcing its intention to make enormous additions to 
capacity. 

However it may have appeared at the time, hindsight does not 
demonstrate that the investment and price policy of the American 
company after 1908 was such as to leave no room for new firms. 
Between 1908 and 1915 the Aluminum Company itself more than 
doubled its installed horsepower. Construction of this additional 
capacity was begun before the outbreak of the war in Europe in
timated an increase in demand from armament industries.43 In 
19I2 the Southern Aluminium Company, formed by French 

• Appendix C. 
a Ec_ic Mi_als ond Mini", Indus~rie$ of Conada (1913), p. 13. 
M:an, XXIII, IS (1914). Throughout this period rolling mills, wire mills, aDd 

other equipment at later stages were greatly exteDded. 
• The compaDy's capacity was more thaD doubled without counting the 25,000 

h.p.leCUred by the purchase of the Southern Aluminium CompaDy after the war de
mand had appeared. 
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aluminum producers, undertook the development of water power 
in North Carolina to be used for production of this metal.- The 
profit record of the Aluminum Company of America appears to 
indicate that its. added operating investment earned very good 
returns as soon as it began to produce. Hence it may be inferred 
that, in the absence of economic warfare, new firms of effective 
structure which possessed cheap enough ore and power could have 
profitably introduced at least a part of the new operating invest
ment that was actually brought in by the Aluminum' Company. 
This conclusion certainly seems true of the investment in' opera
tion by 1914. Whether that part which began to produce in the 
following year would have reaped satisfactory earnings immedi
ately in the absence of the phenomenal war demand is a matter 
of conjecture. Probably the ):'apid growth of the automobile in
dustry at this time seemed to forecast substantial profits within 
a few years. 

The profits of the Aluminum Company after 1908 represented 
a much lower rate of return than the 30' to 40 per cent which 
seems to have been gained in the four years ending with 1908, 
during which prices ranged between 33 and 42 cents per pound. 
In the next four years price was below 20 cents much of the time, 
while sales did not absorb the full output of existing capacity until 
1912; yet the average return on investment did not fall below IS 
per cent. In 1913 and 1914 earnings evidently averaged at least 
20 per cent with price fluctuating around 20 cents. Several factors 
accounted for the lower price after 1908. Desperation imports 
during depression were followed, after an interval of two years 
of business recovery, by a reduction in the duty on ingot from 7 
cents to 2 cents per pound. Costs were evidently lowered sub

!stantially by the development of cheaper power, the extension of 
. integrated . control, and perhaps some horizontal economies. 
Doubtless demand in its new position was much'more elastic 
within the price range between 20 and 35 cents than it had been 
earlier. Under these circumstances a marked fall in price was to 
be expected. It seems quite clear, however, that the Aluminum 
Company did not expand its operating investment far enough and 
reduce price sufficiently so that, in the absence of other deterrent 
elements, newcomers would have refrained from entering the 
industry simply because good returns to additional investment 
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seemed unlikely to materialize for some years to come. This be
comes even more evident when it is recalled that some part of the 
investment of the Aluminum Company represented inoperative 
reserves of ore and power which would not in all probability be 
used for many years. Price was still high 41 the sense that it per
mitted substantial elements of monopoly profit. 

Why, then, did no firm other than the Southern Aluminium Com
pany seriously attempt to enter the industry? Let us endeavor 
to place ourselves for a moment in the position of a promoter 
considering the prospects of a new firm. And let the unknowns 
be enumerated first. No financial reports were published by the 
Aluminum Company, the shares of which were closely held. Trade 
gossip would have indicated that the business was quite profitable, 
but until some meager data were divulged in the tariff hearings of 
1912-1913, the promoter would have been forced to rely upon 
attempts to reckon costs of production in order to derive even an 
approximate guess as to how profitable. It might have been diffi
cult to discover persons technically competent to perform this 
task. An editorial in the Engineering and Mining Journal implies 
that technical men familiar with aluminum constituted a "non
competing group." "Copper metallurgists, steel metallurgists, lead 
metallurgists are common ... but who ever heard of an aluminum 
metallurgist outside of those who hide their lights under Mr. 
Davis' bushel?,,·t Furthermore, although it must have been clear 
that the new metal was to enjoy a large and speedy growth, it was 
doubtless not easy to discern with even approximate sureness how 
great or how rapid it would tum out to be. And since it requires 
several years to bring a new power plant and reduction works into 
operation, any degree of inability to forecast demand is a serious 
element. 

Contrast with these doubtful factors the elements which, in 
immediate appearance at least, seemed quite definitely known. A 
large part of the bauxite in the United States which was commer
cially suitable for aluminum had been acquired by the Aluminum 
Company. The striking expansion of the company appeared to 
keep in existence most of the time a greater operating capacity 
than was required to satisfy the existing demand, and at the same 
time provided large reserves of ore and power which suggested 

.. EMI. av. 144 outy 1917). 
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that the Aluminum Company regarded it as natural business 
policy to equip itself to meet large increases in domestic demand 
for many years to come. Large imports from Europe puring 
depression provided support for the illusion of marked overinvest
ment in this industry.45 Continued imports after renewal of pros
perity must have suggested that aluminum reduction could be 
carried out much more cheaply abroad than in this country. In 
any event, the decided drop in the tariff in 1913 acted in the di
rection of discouraging new ventures thereafter. 

While the establishment of an efficient aluminum firm would 
not necessitate a huge initial " investment, it was plain that a well
integrated structure which included economical ore and power 
would be essential almost from the start. This would probably 
require an investment of several millions. It appears that the 
chemical process of extracting alumina from bauxite is more com
plicated than most metallurgical processes. Although each of the 
other steps in the production of ingot is simple enough in itself, it 
was obvious that the complexity of the process taken as a whole 
would require an organization of diversified experts. Apart from 
uncertainty about the supply of experts, it must have appeared 
that, owing to the nature of the process and necessary organiza
tion, the gestation period for a new aluminum enterprise would be 
longer than that in many other industries. The efficiency of the 
existing firm was scarcely in doubt. Although it could not be fore
told with assurance precisely how the Aluminum Company would 
react to the entrance of a newcomer, the aggressive acquisition of 
bauxite, the restrictive agreements.:...... which also included con
tracts with two power companies whereby they agreed not to 
furnish anyone else with energy for aluminum reduction _,"6 and 
the expansion policy in general were not likely to encourage 
belief that the new enterprise would be tolerated without trial by 
combat. However vague the knowledge of the financial strength 

'''"in'january 1909 "Aluminum Man" remarked (Metal Industry, VII, 10) that the 
world's capacity for producing aluminum was "several times the ability of the market 
to absorb it at present and it now seems probable that no further extensions in 
capacity will be required for many years, and that none are likely to be made on ac
count of the fact that the large overproduction . . . had rendered the business unat
tractive from a financial standpoint." 

'"Tariff Hearings, 1912-1913, p. 1496; and BMTC v. ACOA appellant, fols. 
5853 ff. 
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of the Aluminum Company, it was well known, of course, that this 
corporation belonged to the powerful group of financial and in
dustrial interests backed by the Mellons and their associates. 

Some of the deterrent factors may be illustrated by the case 
of the Southern Aluminium Company, which was promoted by 
M. Adrien Badin and a group of associates in the French alumi
num industry, who partially foresaw the phenomenal development 
in the production of this metal in the highly industrialized United 
States, where cheap coal, cheap power, and good bauxite were all 
to be found.47 In August 19I2 l'Aluminium Franl,;ais, in con
junction with some large French and Swiss banks, incorporated 
the Southern Aluminium Company, all of whose stock was owned 
by Europeans. The new company took over property earlier ob
tained by an American group through purchase of control of a 
hydroelectric concern which had been suffering financial diffi
culties during its attempts to carry through a large power develop
ment on the Yadkin River in central North CaroIina.48 Under 
the supervision of M. Paul L. T. Heroult, construction was im
mediately begun upon a power plant and reduction works planned 
for a capacity of about 25,000 tons per year.49 The new company 
was assured of an adequate supply of bauxite from the French 
mines of its owners. Plans to start production in 1913 or 1914 
did not materialize when it was found that the partly constructed 
dam of the predecessor company was poorly located. Just prior 
to the outbreak of the war it was announced that production would 
begin in June 1915 at an initial rate of about 5,000 tons a year.50 

In October 1914, however, construction operations had to be sus
pended, owing to the impossibility of further financing in France 
under war conditions.51 Fruitless endeavors were made to secure 

.. R. Pitaval, JFE, XXXII, 28 (March I-IS, 1923). M. PitavaJ evidently had 
some connection with the aluminum industry in France. He does not say whether or 
not the French hoped to acquire bauxite in the southeastern states. It appears, how
ever, that they intended to use their own bauxite at first, anyway. See above, p. 107. 

• C __ ciolofld Fift(Jndal Cllrtntick, XCI, 1636 (1910), and XCV, 301 (1912); 
EflgiMerHtf News, LXXI, 1279 (1914). 

·Cllrtntick, XCVI, 1560 (1913); EMJ, xcm, U12 (1912). It was estimated that 
100,000-120,000 h.p. could be developed at this site. There is a detailed account of 
the plant and plans of this company in an illustrated article by D. M. Liddell, ''The 
Southern Aluminum Company," EMJ, XCYlI, 1179 If. (1914). 

·Cllroflide, xcvm, 1923 (1914). 
• Up to that time about $5,500,000 had been spent in acquiring properties and in 
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the necessary financial assistance in England as well as in France. 
When application to powerful financial interests in the United 
States also met with no success, the stockholders, faced with entire 
loss of the large investment already sunk, negotiated with the 
Aluminum Company of America, which agreed to purchase pro
vided the Department of Justice did not regard the transaction as 
violative of the consent decree.52 Upon receiving the desired 
assurance from the Attorney General that the Department saw 
nothing in the facts as presented which would call for action under 
the decree, the Aluminum Company purchased the plant on 
August 15, 1915.53 It has been maintained by the Aluminum 
Company of America that the purpose in taking over the aban
doned plant was to meet the great war demands of the Allied 
governments.54 

The significance of the episode seems to be this. The only 
thoroughgoing· and serious attempt to enter the field after the ex
piration of the Bradley patent was made by a group of aluminum 
producers with long experience, possessing its own bauxite. It 
was planned to employ an investment of about $.10,000,000 in 
setting up a thoroughly integrated, large-scale concern. Horse
power equal to a third or a quarter of the American company's 
capacity was to be developed in the first instance and later doubled 
if circumstances warranted. When extraordinary conditions pre:' 
vented the completion of financing abroad no American bankers 
could be induced in 1915 to supply the backing needed to bring 
operations into being - even with the beckoning force of a rising 
war demand for aluminum. In the large view, looking through 
the mists of war uncertaintYI and the French nationality of the 
undertakers, this seems nearly equivalent to an unwillingness upon 
the part of our bankers to back new American enterprise for entry 
into the aluminum industry. The plant of the Southern Aluminium 

construction work, and it was estimated that approximately $7,500,000 was needed 
to complete the plants (BR, pp. 5, Ill, 1I6). 

"BR"P.5. 
"Ris statedin BR that the consideration was $5,030,000 . 
.. FTC Docket 1335, Record, p. 706. An officer of the company stated that the 

French government asked them to take over and operate the plant. M. Pitaval re
marks (loc. cit.) that the Aluminum Company of America "qui avait vu s'etahlir 
cette concurrence avec une certaine crainte, s'empressa d'acheter 1a nouvelle usine 
pour eviter qu'elle ne tomhii.t en d'autres mains. Deja les Americains profitaient de 
1a guerre." 
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Company could not be removed to Europe, and it was as safe 
as any other domestic establishment from foreign depreda
tions. In the event that the trained French management was 
drawn into military service, control of operations would pre
sumably fall more and more into the hands. of any Americans who 
had furnished financial backing.55 

In the possession of the Aluminum Company of America the 
plant was pushed to rapid completion in order to meet the now 
bounding demands of the belligerents. The war called into being 
immense extensions of plant and yielded large returns with which 
to finance them. During 1915 and 1916 the company spent at 
least twenty million dollars in expansion and practically doubled 
its capacity. Investment jumped from a little under fifty millions 
in 1915 to a little over ninety millions in 1918.56 Apparently no 
other attempts to enter the field were made until after the war, 
by which time the size and strength of the Aluminum Company 
had been appreciably enhanced. 

• Since this account was written there has come to light a contract made in I9I3 
between the Societe Generale des Nitrures (a subsidiary of the Compagnie Alais), 
the Southern Aluminium Company, the Northern Aluminum Company, and the 
Aluminum Company of America. The agreement related to the use of the American 
patents of the Societe Generale des Nitrures for a process of making aluminum 
nitride from which alumina and ammonia could be derived. It provided for the 
formation of the American Nitrogen Corporation, which was to be owned jointly 
by the four parties to the contract, to take over the patents and operate them if 
experimental work being carried on in France demonstrated that commercial opera
tion was likely to be attended with success. It appears that the process has never 
been operated commercially here or abroad (Aluminum Industry, I, 250). The 
terms of this contract do not deal in any way with the production of aluminum, buf 
provide only for a joint venture in the manufacture of alumina and ammoniacal 
products. ~ far as this contract is concerned there seems to be no reason to change 
the interpretation given in the text. It does not seem that association of the Amer
icans and the French in the American Nitrogen Corporation would have resulted 
in different policies with respect to aluminum than would have occurred in its ab
Rnce. Membership of the French and the Northern Aluminum Company, a com
pletely owned suhsidiary of the Aluminum Company of America, in the cartels of 
lC}OI and 19U regulating European sales had already demonstrated that the parties 
to the cartel believed in cooperation rather than competition. Duopolistic rather than 
competitive policies were to be expected in any case. But it cannot be inferred 
from this that the French were dominated by the Aluminum Company and con
aequently did not seek energetically to dispose of their property elsewhere. The 
available evidence indicates that they did. Hence the important point seems to be 
found in the lack of interest in aluminum on the part of American promoters and 
bankers. The contract referred to in this Dote appears as Exhibit 553, BMTC v. 
ACOA, appellant. 

• No indication has appeared of a revaluation of assets in these years. 
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The avowed object of the antitrust laws under the court inter
pretation permitting the possession of a considerable degree of 
monopoly power in the absence of repressive tactics, restrictive 
agreements, or effects patently injurious to consumers, was 
preservation of the freedom to compete or the maintenance of free 
enterprise. It was believed that if freedom to compete were main
tained, "competition" would actually exist. In the case of pro
duction of aluminum ingot in this country it does not appear that 
there was any violation of the law as interpreted (with the possible 
exception of the restrictive agreements concerning bauxite, which 
were not adjudicated) ,57 but no rivals entered the field. 

By enabling the company to reap greater profits the tariff aided 
in the attainment of impressive size and financial strength. 
Finally, failure to require publication of data upon capacity, pro
duction, and consumption, and financial condition permitted the 
company to keep secret this basic information which promoters 
and bankers must possess if they are to exercise their social func
tion of directing capital and enterprise into the channels where 
they will best meet consumer demands. 

2. COMPETITION AND MONOPOLY IN EUROPE 

The existence of four importantcompanies58 across.the Atlantic 
from the single American producer is attributable to several fac
tors. We have seen that no one country enjoys sufficient differential 
advantages for aluminum production to grant it a monopoly. Al
though the promoters of the Schweizerische Metallurgische Gesell
schaft heM the Heroult patents for most if not all of. the important 
European countries, they evidently did not wish to' set up a mo
nopolistic unit with plants in various countries, or else they were 
unable, .on account of inadequate capital or connections, or for 
reasons inherent in the existence of different nations, to accomplish 
this. Apparently Neuhausen exerted some influence over both the 
Froges concern and the British Aluminium Company for a few 
years after their origin, but it is doubtful if this continued much 
beyond 1900. The granting of French patents to Minet and Hall 
(the Hall patent was the more significant) permitted the 

.., Above, pp. 103 if. 
U The early development of these companies has been described in Chap. II. 
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Compagnie Alais to enter the industry before the expiration of the 
Heroult patent. It was not strange that this concern, which had 
been engaged in the aluminum business before Heroult's dis
covery, and had had several years' experience in other branches of 
industrial electrochemistry, was able to become a formidable rival 
of the Societe Froges within a short space of time. 

The bauxite reserves in France were not early acquired by 
aluminum producers.59 It appears that for over a decade after the 
birth of the electrolytic aluminum industry producers purchased 
their annual ore requirements at first from many small bauxite 
enterprises, and after the middle nineties from the few large con
cerns which emerged from a concentration movement in this 
mining industry. The cartel of 1901 arranged that the require
ments of its members should be cared for by the two largest 
bauxite companies, the Union des Bauxites de France and the 
Societe des Bauxites de France. Evidently it was not until com
peting aluminum companies were founded that the old firms be
gan aggressively to acquire ore deposits. During the ensuing 
rivalry all of the good French bauxite came into the ownership of 
aluminum producers and a few manufacturers of alumina before 
the outbreak of the war.GO By that time the British Aluminium 
Company had acquired control of the Union des Bauxites, and 
Neuhausen had purchased nearly all the shares of the Societe des 
Bauxites.8! Some of the new aluminum enterprises, shortly to be 
described, secured bauxite deposits of their own; others had close 
connections with established alumina firms whose market suffered 
as the older aluminum producers began to mine their own ore. In 
the earlier years entrance into the aluminum industry was also 
facilitated by the number of small but relatively cheap power sites 
in the mountains of southern France. Water power capable of 
economic development for aluminum reduction was also available 
in Norway and Switzerland. 

It is likely that the cartel formed in 1901 by the four well
established European producers and the Northern Aluminum 
Company was motivated partly by a desire to present a united 

• I have discovered little information about ownership of bauxite before the war. 
The account given here is based mainly on Kossmann, op. cit., pp. 38 If., and Escard, 
op. cit., pp. 7 If. 

• Czimatis, op cit., p. 78. 
a Escard, op. cit., p. 13. 



120 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

front to potential competitors after the life of the basic patents ran 
out.62 Nevertheless, in the five years following 1902 and 1903, 
when this occurred, none of the factors which combined to deter 
entrance into the field in America after 1909 existed in the same 
degree of force in Europe. In spite of their large additions to in
vestment,63 the existing incumbents were not formidable enough, 
even when acting in concert, to discourage all potential competi
tors. As we have just seen, bauxite and power were obtainable. 
The knowledge and experience concerning industrial electro
chemistry in France, which had early taken a leading role in this 
field and in electrometallurgy, must have facilitated the establish
ment of new aluminum enterprises in that country. 

A marked improvement in general business beginning about 
1904 was magnified in the rapidly expanding demand for alumi
num. Under these conditions the invitation extended by the 
cartel's policy of high prices was hardly likely to be refused. At 
least seven new enterprises constructed facilities for the pro
duction of aluminum between 1906 and 1910.64 In 1907 a small 
plant was put into operation at Bussi, on the Pescara River in 
Italy by a firm which owned bauxite in. the province of Aquila. 
The Aluminium Corporation, foundedio the same year, built a 
hydroelectric plant of 7,000 h.p. and reduction works at Dolgarrog 
in Wales. It immediately purchased. ore deposits in Var and an 
alumina plant in England. A 3;000 h.p.plant at Martigny, Swit
zerland, owned by the Gebrlider Giulini, alumina producers of 
Ludwigshafen, Germany, began operations in 1910. The A. S. 
Vigelands Brug, incorporated in. 1906 in Norway, developed 
12,000-14,000 h:p. at Otterdal near Kristianssand.65 Raw 
material supplies were obtained 'by a long-term contract with a 
Belgian alumina concern. In France the new aluminum undertak
ings were somewhat more ·substantial. The Societe d'Electro
chimie, which had produced chlorates by electrolysis since 1890, 
engaged in the reduction of aluminum about 1906 at Premont, 

.. The details of this cartel agreement are not definitely known. Apparently it 
reserved home markets, apportioned sales quotas for the competitive market, and 
fixed minimum prices. See above, p. 36 • 

... See above, Chap. II . 

.. Details of these ventures have been taken from the sources of information on 
pre-war European developments cited above, pp. 33-36 . 

.. This company was owned by a parent corporation known as the Anglo-Nor
wegian Aluminium Company. 
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where it soon developed 10,000 h.p. Bauxite lands were acquired 
near La Barasse, where the company erected an alumina works. 
Production of the light metal was also taken up in 1906 by another 
manufacturer of chlorates, the Societe des Forces Motrices et 
Usines de l'Arve (founded in 1895), which possessed 13,000 h.p. 
at Chedde. In the same year this company set up a subsidiary, the 
Societe desProduits Electrochimiques et Metallurgiques des Py
renees, which installed 4,000 h.p., part of which was intended for 
aluminum reduction, at Auzat two years later. The Auzat plant 
was shortly enlarged to I2 ,000 h.p. It was said that the large 
alumina firm of Giulini took a financial interest in both of these 
concerns when they began to produce aluminum.66 The Societe 
des Pyrenees purchased bauxite deposits in Herault. L' Aluminium 
du Sud-Ouest, formed in 1906, built a plant at Beyredej while 
its subsidiary, Electrometallurgique du Sud-Est, constructed 
works at Venthon. It was reported that each of these plants had 
a capacity of about 10,000 h.p.,uT but other indications point to a 
smaller initial installation. The latter, at least, had long-term 
contracts for purchase of supplies of alumina. 

By 1908 the outsiders possessed a total capacity, completed or 
in prospect, of perhaps 70,000 h.p., which was just about equal 
to the additions made by cartel members in the three preceding 
years, and represented about half of the total cartel capacity. (In 
the absence of specific information it is, of course, impossible to 
know the proportion of capacity which either group intended to 
use in the production of aluminum as compared to that to be em
ployed for other products.) Whether or not the dissolution of the 
cartel in that year was intended partly to give the members a freer 
hand for the subjugation of interlopers in their respective baili
wicks, the newcomers did not achieve any very substantial com
petitive strength even after the return of prosperity. 

The Aluminium Corporation failed shortly after its appearance 
in the lists. Declining an offer to purchase by the British Alu
minium Company, it reorganized and continued as a small pro
ducer." The firms at Bussi and Martigny remained of negligible 
importance." The Vigelands concern was sold to the British 

-KOSSIIWID, 01. cie., p.17. "'Debar, op. cie. 
·CIIemiaIl.1Id Mdall",rjaJl EllgiMerillg, VII, 165 (1909). 
• The Aluminium CorporatioD IIDd the Bussi plant later came into the hands of 

the original companies. 
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Aluminium Company in 1912. While these three independents 
presented no obstacles to reconstruction of market control when 
business began to improve, the three outsiders in France were 
somewhat larger and possessed stronger support. Although they 
apparently did not use much of their energy for production of 
aluminum in 1909-1910 when output of the four old companies 
increased markedly, they presented some threat for both the 
domestic and the international markets.To The formation of a 
domestic sales syndicate called I'Aluminium Fran~ais in 19II not 
only established control in the home market,. but set up an 
organized unit for the subsequent dealings with Neuhausen with 
regard to a new international cartel. The Societe d'Electrochimie 
and the Societe des Forces Motrices de I'Arve, with its subsidiary, 
were admitted as active members of l' Aluminium Fran~ais, but 
their capacity remained small compared to that of the older com
panies. L' Aluminium Fran~ais bought out l' Aluminium du Sud
Ouest and its subsidiary. The plants at BeyrMe and Venthon 
were not used for aluminum production until after the war. In 
1914 the Compagnie Alais absorbed the Societe des Pyrenees, and 
two years later the erstwhile parent of the latter, the Societe des 
Forces Motrices de l'Arve, was brought into the same'brganiza
tion. Of the seven new enterprjse.s; :which entered the:'field after 
1905 three were purchased by th~ originaf companies ill the follow:-. 
ing decade. Three of the four wnich continued independent were 
very small, while the Societe d'Electrochimie possessed only a 
small part of the French market. Not only was the aggregate 
capacity of the invaders reduced by purchase to 50,000 h.p. in 
1913, to 38,000·.h.p. in the following year, and to. 25,000 h.p. two 
years later; but in. the period 1909':""1914, during which the original 
cartel members more than doubled their facilities of 1908, the 
plants of outsiders were enlarged by only 14,000'h.p. (Table II 
shows the relative development of capacities of the old companies 
and.the newcomers during the decade 1905-1914). 

,The. invasion of new capital and enterprise did not undermine 
the established position of the four old companies. It hardly 

'10 Kossmann (op. cit., pp. 31-32) gives production. of the French companies in 
1910 as follows: Froges-6,000 tons; Alais-2,500 tons; total output of the four 
outsiders - 1,700 tons. Presumably these were provisional figures of the Metallge
sellschaft, later revised, but they may indicate correctly the relative proportions in 
which output came from the old and the new concerns. 
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seems probable that the continued inferior position of all the new 
enterprises can be ascribed altogether to the depression which 
greeted their entry into the industry. While many suffered losses 
during their first few years,ll none abandoned the field except to 
sell out to the old companies. The continued existence of the four 

TABLE II 

ESTDUTED CAPACITIES OF OW AND NEW EUROPEAN COMPANIES IN 

CERTAIN YEARS 

(Thousands 0/ Horsepower) 

Company or J905 Additions Total Additions Total 
Plant J905-Jg08 Jg08 19o5-J9J4 1914 

AIAG 24 32 55 90 145 
Froges 20-30 0 25 40 65 
A1ais ... 14 12 25 25 50 
British Aluminium 

Company 6 25 30 15 45 

Total Old 
Companies ..... 64-'14 69 135 170 305 

Martigny ............... - ............ 3 0 3 
Bussi , __ •.....••... _ •...•.. _ .....•. o. 5 0 5 
Dolganog .- -,. -.- ..... - .............. 7 0 7 
Otterdal ......... ,_ .................. 14 0 (14) 
Premont . -.- -.- ...................... 4 6 10 
Cbedde .............. - ....... - .. - .... 13 0 13 
Auzat ....... -.- ... - .................. 4 8 (12) 
Beyrede ......................... -,. } 5-20 VenthOD 

Total New Companies ................. ·55-'10 14 38 

The data for this table have been selected from estimates given in several 
of the sources cited in Chap. n, particularly Gautscbi and Schulthess. Per
haps a third of the maximum capacity shown for the newcomers in 1908 was 
not completed. Parentheses indicate sale to the old companies, whose 1914 
capacities include sueb purchases. The capacity of the Beyrede and Venthon 
plants is, however, omitted from the 1914 figures because it was not being 
used at all for aluminum production. It is doubtful if these two plants poll
IIeSSed in 1908 the 20,000 h.p. which some writers ascn"bed to them . 

.. See KossmllDD, 01. cil .. pp. 59, JII. 
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small firms suggests that the others would not have been elim
inated by the operation of ordinary economic forces had they re
mained independent.72 

The strength of the four old companies rested in factors con
nected with their own growth - their head start, connections, 
wealth, efficiency, and so on - rather than in concerted action. 
The first cartel was not a strongly centralized instrument for 
market control. It included no central sales agency or central ad
ministration with power to control rigorously the activities of its 
members.73 It appears that from the beginning the French dis
trusted Neuhausen, which assumed the position of leadership.74 
Competition between the cartel members existed in the form of 
expanding investments, with the result that the French firms in
creased their capacity relative to that of the AIAG during the life 
of the cartel. The total French output, which had been but one
half of the Swiss production in 1901, equaled the latter in 1905 
and ran ahead of it in the years 1906-1908.75 Although French 
exports of ingot aluminum to Germany remained small during the 
life of the cartel, they grew from. about one-tenth of the sum of 
French and Swiss exports in 1902-1903 to one-quarter of the com
mon total in 1906-:-1907.76 After the dissolution of the cartel the 
French sent to Germany in 1909 a tonnage nearly equal to that 
received from Switzerland. In the following four years they de
livered about one-third of the common total. As the French com
panies began to overtake the Swiss,the friction between the two 
groups increased. It seems doubtful.whether the cartel eQuId have 
survived without breakup or reorgariization in the absence of new
comers, even 'if its difficulties had not been incre"ased by depres- . 
sion. 

,. The reasons for sale to the established firms do not appear clearly. It is possi
ble that pressure was used. Or perhaps the newcomers were unable to secure re
serves of economical bauxite and sufficient cheap power to enable them to become 
effective competitors. I have discovered no direct evidence upon this. The facts 
presented in this chapter do not support this hypothesis, but they do not contradict 
it entirely~ 

.. As Bannert points out, the title "Intemationales Aluminiumsyndikat" was a 
misnomer (op. cit., p. 32) . 

.. Gautschi asserts that this distrust of Neuhausen prevented strong centralization, 
which had been urged by the Swiss at the beginning . 

.. Mter 1906 a small part of the increase in French output was contributed by 
the two outsiders . 

.. Computed from official figures in the Statistisches Jahrbucb fur das deutsche 
Reich. 
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Agreement between the French producers, which resulted in 
organization of l' Aluminium Franc;ais, began to take form late in 
1910. About the same time serious negotiations were undertaken 
toward reconstitution of the international cartel. Temporary price 
agreements were once or twice terminated in the course of a deter
mined struggle between the Swiss and the newly strengthened 
French over the allotment of the largest quota. In June 1912 an 
agreement was reached which created the Aluminium Association 
on the first of January 1913.77 This cartel included the Aluminium 
Corporation and the Italian firm, as well as the members of the 
first carteJ.TB Its duration was fixed at ten years unless terminated 
sooner upon request of three of the four leading members. This 
cartel appears to have attempted more extensive control of the 
market than its predecessor, although the appearance may be de
ceptive, owing to lack of precise information upon the nature of 
the earlier agreement. The 1912 contract provided for regulation 
of all sales by members of aluminum, its alloys, half products; and 
manufactured articles in all markets except the United States. 
Output was not limited directly, but sales quotas were allotted to 
each company according to agreed proportions.79 A firm which ex
ceeded its quota at any time was to pass some of its orders to those 
who were still below their quotas or to buy from the latter at the 
standard price the amount of metal by which it had surpassed its 
allotment. A member in arrears who was unable to fill the orders 
passed to him within a month must surrender them for division 
among the others. Each member was free to sell his quota where-

"The agreement is reprinted as Exhibit 23A, BMTC v. ACOA appellant, fols. 
7057 fl. The association actually began to function in the summer of 1912. Material 
contained in Exhibit uIA in the same case includes regulations for the central 
hureau of the association, regulations for tile committee, and minutes of several 
meetings of the committee and the general assembly. 

-The Anglo-Norwegian Company was a member for a few months, until its 
operating subsidiary, VigeIands Brug, was taken over by the British Aluminium 
Company. It is reported that the president of the AIAG said that the new cartel 
would suppress the influence of outsiders (AG, 1912, Partie sup., ISO). 

• The proportionate percentages fixed were as follows: 
L'Aluminium Fran'iRis ............ 3S.9 
AIAG .. , ......................... 21-4 
British Aluminium Company ...... 19.9 
Northern Aluminum Company ..... 16.0 
Societa ltaliana ................... 1.1) 

Aluminium Corporation ....... . . . . . 1.9 
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ever he chose. The standard price fixed from time to time was a 
minimum price; higher prices might be charged by individual 
companies as they saw fit. It was agreed that no member would 
acquire an inte~est in any aluminum-producing firm which was not 
a party to the contract, or sell to or buy from any aluminum pro
ducer except through the association. There is no evidence of any 
agreement about the United States market with the Aluminum 
Company of America, which had just consented to a decree en
joining anything of that sort. Its Canadian subsidiary, the 
Northern Aluminum Company, which exported metal to Europe, 
was a member of this cartel as well as the earlier association.8o 

The provisions of the second cartel agreement, which was 
terminated by the war, have been described in detail because some 
of the essential features were adopted in post-war agreements. It 
would have been interesting to see if an agreement of this sort 
could have lasted for ten years. There was no definite control of 
output and no central sales agency, and the administrative in
strumentality appears to have been none too well implemented for 
prevention of evasion.81 During the two years of its existence in
ternal disputes occurred over the purchase of Vigelands Brug by 
the British and the acquisition of~ the Societe Generale des Ni
trures by the Compagnie Alais. ;Il;l.the'spring of 19i4 vehement 
allegations ·of secret price-cutting were made, and th<" AIAG pro
tested that its quota was too small, particularly relative to that of 
l' Aluminium Fran~ais. 

In closing this section a word. should be said about the supple
mentary relationships between branches of the pre7war aluminum 
industry in France, Switzerland, and Germany. These three coun-., 
tries formed a unified economic unit as far as aluminum was con
cerned.82 A part of the French bauxite used by Swiss producers 
was converted into alumina in Germany, where coal was cheap. 
Spme bauxite for the French producers was also sent to Germany 

... At the •. request of the Aluminum Company the consent decree of 1912 was 
framed in ~uch a way as to leave the Northern Aluminum Company free to enter 
into agreements of that sort which contained no provisions for control of the 
United States market. See letter of the Aluminum Company's attorney, BMTC v. 
ACOA appellant, Exhibit 122. 

81 See minutes of meetings, 1912-1914. 'reprinted as Exhibit I2IA, BMTC v. ACOA 
appellant. Outside auditors were apparently not employed . 

.. See Czimatis, op. cit., pp. 1811.; Schoenebeck, op. cit., pp. 24, 40-41; Gautschi. 
op. cit., pp. 30-32. 
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for preparation. Apparently part of the advantage of carrying 
French ore to German coal was supplied by low railroad rates on 
bauxite.sa With the exception of the output of the small plant at 
Rheinfelden no aluminum was produced in Germany, but the 
Germans made much the largest part of the Halbzeuge and 
finished goods in Europe. According to GUnther, the aluminum 
used in German rolling mills, finishing plants, and foundries, and 
in German steel mills and other works, amounted to about 10 per 
cent of world consumption of ingot aluminum in the years 1899-

1903, 19 per cent in the next four years, and 25 per cent in 
1909-1913. The relative consumption of aluminum by the utensil 
industries of various countries about 1910 was given by a utensil 
manufacturer as follows: 84 Germany, 2,000 tons; France, England, 
Switzerland, and Italy, each 250 tons.8ft After the Chippis works 
went into operation in 1905 most of the metal produced by the 
AIAG went to Germany. Only a small amount of aluminum 
products was made in Switzerland.8s Although l'Aluminium 
Fran~ engaged to some extent in rolling and fabricating, France 
also exported some aluminum to Germany for fabrication. While 
national boundaries are no necessary barrier to ownership, 
integration had not, in fact, been carried as far by some of the 
European producers as by the Aluminum Company of America. 
Neuhausen in particular was linked to the independent German 
rolling and fabricating industry. 

The question has often been raised in German literature why 
no producing industry rose in that country until fostered by the 
necessity of war. We have already seen that Germany possesses 
almost no bauxite and little cheap water power.8T But the same 
is true of Great Britain.88 The most likely explanation seems to 

• See Gautschi, D~. cjt., p. 84. "'See Kossmann, D~. cie., p. 75. 
• Upon the formation of the second cartel the German consumers of ingot banded 

together into a purchasing association. 
• Gautschi, 1oc. cit. In 1905 there were only three small plants engaged in rolling 

or manufacturing aluminum products (Ergebnisse du eidgenossischen Betriebsziih
,,.11, "DIll 9 A,.,,.st 1905, I, Heft 8) . 

.. In addition to these answers it is pointed out that before the war Germany had 
little experience with, and hence, it may be inferred, little interest in, the develop
ment of what water power she had. Czimatis alleges that economical bauxite would 
have been unobtainable, but it is to be doubted if that was true in 1904 or 1905. 

• As far as the period before patent expiration is concerned, it is doubtless true 
that the Swiss did not care to license a producer in Germany, which had greater 
potentialities as an outlet for their metal. 
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be found partIy in those undiscernible sets of rel~tionships which 
we call chance; and partIy in the fact that in pre-war Germany an 
immature daughter of science who was only beginning to resist 
relegation to the Kuche was quite likely to be overlooked in' the 
rush to take advantage of the many alluring opportunities offered 
by rapid industrialization of very promising resources. 



CHAPTER VI 

POTENTIAL COMPETITION - CONTROL OF ORE AND POWER 

I. POTENTIAL COMPETITION IN AMERICA-THE UmLEIN AND 
DUKE-HASKELL EPISODES 

SINCE the war the military and industrial importance of alumi
num and its strong alloys has been definitely recognized, although 
the far-reaching significance of the alloy development has not 
yet been realized. Yet in spite of the extensive growth in demand 
which has brought aluminum to an established position among 
the chief metals, no new enterprises of any consequence have 
been set up in this industry, with the exception of those fostered 
or protected by national governments in countries hitherto non
producers, or companies promoted wholly or in part by the old 
firms. Elements which have discouraged entrance into this profit
able field must have become stronger, for potential competition 
appears to have been more serious, at least in America, than it 
was earlier. The remarkable increase in consumption has brought 
about a resort to ore lands and power sites farther removed from 
consumption areas. We have seen that the Aluminum Company 
of America acquired some European bauxite and a large portion 
of the deposits in the Dutch and British Guianas, while European 
producers were buying ore lands in various spots. Under the cir
cumstances, possession of a large part of the bauxite in the United 
States economically suited for aluminum lost much of its earlier 
significance, as was shown by the fact that for a time the Uihlein 
group of Milwaukee competed for South American ore with the 
apparent object of engaging in the production of aluminum in 
North America. 

During the war the Uihlein family, owners of the Schlitz Bever
age Company, had built a large carbon electrode plant near 
Niagara Falls with the immediate purpose of meeting war re
quirements. Whether or not they were then considering the pro
duction of aluminum when the struggle should cease does not 
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appear.l A month after the signing of the armistice they turned 
their attention to aluminum as a means of utilizing a plant for 
the products of which peace held little prospect of demand. It 
will be recalle<;l that carbon electrodes play an important part in 
aluminum reduction; until quite recently their tonnage consump
tion was nearly equal to the metal output. 

In December 1918 Mr. Lloyd T. Emory, an expert bauxite 
engineer who had been general manager of the Demerara Bauxite 
Company before entering the United States Army, was engaged 
by the Uihleins to investigate deposits of this ore which were com
mercially available for aluminum reduction. Emory first visited 
Venezuela, but upon ascertaining that deposits there were not 
suitable, he went to British Guiana. Early in 1919 he apparently 
secured from a local solicitor an option upon the only two prop
erties for sale there which he considered valuable. This option 
had been obtained from a client by the solicitor in his own name. 
For some time previous the Demerara Bauxite Company had 
been trying to obtain title to these properties.2 An agreement had 
been signed with the owner, a Mt\ Hubbard, who was adjudged 
insane before the transaction waS completed. A contract made 
with two curators appointed after commitment of Mr. Hubbard 
was vitiated by the death of on~'of them. At this juncture the 
solicitor, who ,.was or had been connected with the Demerara. 
Company, sold" the lands to this corporation instead of to the 
Uihleins. Emory then secured another option direct from the 
widow of the" former owner of the lands and exercised it about 
Jhe beginning of 1920. Suit was immediately brought by the 
Demerara Company.3 While this case was making its way up to 
the Privy C9uncil the Uihleins were busy endeavoring to ac-

1 Part of the information about this episode is found iI:t the testimony of L. T. 
Emory in FrC Docket 1335, Record, pp. 2152 if. During the hearings, counsel for 
the Aluminum Company sought to prevent the introduction of Emory's testimony 
in whole or in part. Opposition was made upon the ground that it had no rela
tion to the charges of the complaint. Additional information is contained in the 
testimony of, officials of the Aluminum Company in the same proceeding and in 
BMTC v. ACOA appellant, fols. 668 if. and 5215 if. 

"Testimony of an official of the Aluminum Company (BMTC v. ACOA appellant, 
fols·5237-5240 ). 

• Demerara Bauxite Company v. Hubbard, Humphreys, and Emory. Mrs. Hub
bard was the widow and Mr. Humphreys the shrewd solicitor. The negotiations for 
this property had been complicated by a legal fight for title between Mrs. Hubbard 
and a relative of her insane husband. 
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quire additional bauxite. An option upon a property in Dutch 
Guiana was obtained, and Emory was negotiating for the pur
chase or lease of that part of the govemment-owned Christianburg 
deposits in British Guiana which was still available. With min
ing rights to this tract and a favorable decision in the above
mentioned litigation, the Uihleins "would have had sufficient ore 
in order to embark in quite a comprehensive program for the 
manufacture of aluminum."~ The disputed deposits were decided· 
by the court of first instance to belong legally to Emory. Upon 
appeal to the West Indian Court of Appeals this ruling was up
held. Thereupon the aluminum interests carried the battle to the 
Privy Council in London, which in May 1923 also decided against 
them! 

The Uihleins had contemplated the use of Niagara Falls power, 
but it appeared that sufficient energy was not available there at a 
satisfactory price. Other sources of power were investigated. 
In December 1924, while Emory was still engaged in active nego
tiation for part of the Christianburg deposit, he was informed .by 
the Uihleins that they were disposing of their South American 
bauxite. New Year's Day of 1925 witnessed the sale of the Re
public Carbon Company, which owned the ore deposits and op
tions as well as the electrode factory, to the Aluminum Company 
of America, the Carborundum Company, and the Acheson Graph
ite Company, each of which took a one-third interest. Mr. Robert 
Uihlein, testifying at a hearing of the Federal Trade Commission, 
explained that the project was abandoned by his family and their 
associates not because of any lack of experience or difficulties in 
obtaining water power, but merely because it would occasion "too 
much work." 

• Emory'. opinion (ITC Docket 1335, Record, p. 2204). 
• The point upon which the decision turned seems to have been that a solicitor 

may not ohtain an option from a client and sell the property secured hy its exer
cise at a profit unless the client is represented by independent advice (Emory, op. cit., 
and BMTC v. ACOA appellant, fol. 5242). The bare facts of this incident seem to 
be as given here. Interpretation is avoided because testimony indicated hard feel
ings between Emory and officials of the Aluminum Company. Mter his discharge 
from the army Emory was not reemployed by the latter. An officer of the Republic 
Mining and Manufacturing Company said that the property was practically stolen 
from them, and implied that Emory had been lax in following instructions to ac
quire it while he was with the Demerara Company. Emory felt that the solicitor 
had "double-crossed" him. It is possible, of course, that the Uihleins acquired baux
ite only to resell it. 
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When Emory's services were no longer desired by the UihIeins 
he consulted with the Aluminum Company about a position, but 
no arrangement satisfactory to both parties was reached. Emory 
then found employment in the American Cyanamid Company, a 
J. B. Duke corporation. His transition from the Uihleins to the 
latter via negotiations with the Aluminum Company indicates 
nearly the whole extent of interest in aluminum production, actual 
and potential, in North America in 1925. Emory passes out of 
our story at this point after introducing us to Mr. Duke, whose 
attention was occupied, in much more profound fashion than that 
of the UihIeins, with aluminum as a means of utilizing a part of 
the tremendous amount of electrical energy which he hoped to de
velop on the Saguenay River in Canada.8 Early in the century 
Duke had started to convert the. water power of North Carolina 
into electric energy, and long before this was completed he turned 
to the Saguenay River with the idea of developing power for 
nitrogen fixation. With Sir William Price he purchased the nec
essary property, incorporated the Quebec Development Company, 
and in 1923 began the construction of a dam at Isle Maligne where 
ultimately over 500,000 h.p. was to be generated. By 1924 Duke 
had apparently given up the idea of nitrogen fixation and was 
endeavoring to discover other .. industries which would use. his 
power. During the preceding year his engineers had made an ex
haustive but .fruitless survey to find, in that part of Canada, some 
basic product capable of consuming large quantities o~ electric 
energy in its manufacture. 

In the meantime George D. Haskell, president of the Baush 
Machine Tool Company, had become interested in the production 
of aluminum. Mr. Haskell was anxious to avoid dependence upon 
the Aluminum' Company for material with which to manufacture a 

• Information about the Duke-Haskell episode has been obtained chiefly from the 
record and court opinion in Haskell v. Perkins III aI •• 31 Fed. Rep. (2) 54. (The 
decision in this case is given below. p. 136.) The record included the whole of the 
voluminous testimony and exhibits submitted in the lower court. The testimony of 
Mr. Haskell at the Federal Trade Commission hearings (Docket 1335. Record. 
pp. 2394 If.) has also been used. Haskell's testimony at these hearings was admitted 
over objection of respondent's counsel that it was irrelevant to the charges of the 
complaint, which concerned methods of competition in the fabricating branches of 
the industry. (See below, Chaps. XVU-XIX.) Officers of the Aluminum Company 
refused, upon advice of counsel, to answer questions concerning this alfair. The 
leading official of the company testified upon this matter in the case of Haskell v. 
Perkins and in BMTC v. ACOA appellant (fols. 507 If., 5661 If. and 6036). 
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duralumin alloy, and also wished to participate in the remark
able future which he believed aluminum was to have. During 
1921 Haskell and some Boston associates negotiated with the own
ers of the Norsk Aluminium Company, who, finding themselves 
in financial difficulties, were anxious to dispose of a half interest 
in their property. The latter evidently carried on negotiations 
with the Aluminum Company of America at the same time.' Sev
eral schemes were considered by the Haskell group, one of which 
involved the participation of Henry Ford, who was then inter
ested in a supply of cheap aluminum. Owing to the withdrawal 
of Ford, lack of interest on the part of American bankers, and 
uncertainty regarding the tariff situation as well as general busi
ness conditions, the Haskell group was unable during the first half 
of 1921 to take advantage of a.very favorable offer. In July the 
Aluminum Company made a conditional agreement to purchase a 
half interest in a new Norsk Aluminium Company. The agree
ment was carried out after modification of the decree of 19I2 had 
been obtained. 

With the revival of business Mr. Haskell began to investigate 
the possibility of establishing an independent aluminum enterprise 
on this continent. He studied methods of production, require
ments, and markets through such sources as were available here 
and visited foreign producers. Certain bankers were apparently 
interested in his project. In 1924 he came into contact with Duke 
in the course of a search for cheap water power. After a few con
ferences between the two, Duke wrote a letter agreeing to reserve 
for four months 50,000 h.p. for Haskell's proposed company, 
which was to produce an annual output of about 10,000 tons of 
aluminum. Haskell then went to Europe, accompanied by two 
engineers and a metallurgist, where he acquired information con
cerning production methods and costs and the assurance of a 
supply of alumina from Germany. Upon his return he submitted 
to the officials of the Quebec Development Company such data 
concerning size of his proposed company, stock issue, markets, 
raw materials, and the like, as a power company would wish to 
have before making a long-time contract with a promoter for a 
large block of energy. 

Haskell may have hoped from the beginning to interest Duke 

'BR, pp. 6, ,. 
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in participation in the projected enterprise. Up to this point, 
however, the negotiations appear to have concerned only the pro
spective sale of power to the promoter of a new company. Now 
Duke began to. evince an interest in participation. In the course 
of a trip to the Saguenay in Mr. Duke's private car in June 1924 
conferences were held between Duke, Haskell, and their metal..; 
lurgists and engineers. Haskell presented information obtained 
abroad. Other meetings were held in New York which were at
tended by Haskell's bankers. The outcome of these discussions 
was a verbal agreement between Duke and Haskell, the exact 
nature of which has never emerged clearly.8 The inference from 
testimony and correspondence appears to be that Duke at least 
agreed to join with Haskell in promoting an aluminum enterprise 
to use Saguenay power, provided they could acquire sufficient 
bauxite of suitable quality and location for twenty years' produc
tion and provided he could be shown that they could produce 
aluminum of good quality more cheaply than anyone else. Dr. Lan
dis, an engineer of the American Cyanamid Company, a Duke 
corporation, was instructed to search for ore and to investigate 
the technology and costs of the whole process of producing alu
minum. Fifty thousand dollars was placed at his dispos.al. Haskell, 
who had already spent many ,thousand' 'dollars on investigation, 
was to be relieved of further expenditure of this sort; but was 
asked to cooperate with Landis. At this time Haskell informed 
his bankers that their' aid would not be required.9 In the course 
of the next ten or eleven months an intensive investigation of 
ore, production methods, and costs was carried out by Dr. Landis 
with the assistance of Mr. Haskell and of technical experts, among 
whom were some who had at an earlier date been in the employ of 
the Aluminum Company of America. A total of $180,000 was 
spent by Duke on this investigation. As the work proceeded it 
appeared likely that Mr. Duke's condition would be met. It was 
estimated that cost of production would be relatively low at the 

8 The precise nature of this agreement of July 18, 1924. was not made clear in 
testimony taken in the case of HaskeU v. Perkins et al. (executors of the Duke 
estate). Duke died before the suit began. A New Jersey statute prevented the plain
tiff from testifying to any conversation with or in the presence of Mr. Duke. Few 
witnesses testified directly on the character of the agreement. Not all of those 
who might have been expected to know were called. One witness said that Duke 
had told him that "he had made arrangements with Mr. Haskell to go into the 
aluminum business" (Record, p. 346). • Ibid., pp. 1079 ff. 
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Saguenay, provided suitable ore close to tidewater could be 
found. From behind its screen of Canadian directors, the Quebec 
Aluminium Company, which seems to have been set up chiefly 
for this purpose, prosecuted a vigorous campaign in England
in which it enlisted the political influence· of Lord Beaverbrook 
and other prominent English and Canadian gentlemen - which 
held some promise of resulting in leases of satisfactory bauxite de
posits on Crown and colony properties in British Guiana. 

In the fall of 1924 formal organization at an early date of a 
company to take over the investigational and promotional activ
ities then being carried on by the Cyanamid Company seems to 
have been contemplated.10 When the Quebec Aluminium Com
pany was incorporated in December 1924, however, Haskell was 
not included among its directors, who were all Duke men until 
their replacement by Canadians for purposes of strategy in Lon
don. Mr. Haskell testified that late in 1924 and in the first half 
of 1925 he heard disquieting rumors of negotiations between 
Duke and the officers of the Aluminum Company of America. 
These appear to have been denied by the Duke officials whom he 
interrogated. In June 1925 Dr. Landis was instructed to discon
tinue his work on the aluminum project and withdraw applications 
for the public lands of British Guiana; and Haskell was told that 
the deal was off because an arrangement had been made with the 
Aluminum Company.ll 

Mr. A. V. Davis of the Aluminum Company testified that at 
the end of 1922 he and Mr. Aldred, president of the Shawinigan 
Water Power Company, who were both interested in obtaining 
additional power, arranged that the latter should negotiate with 
Mr. Duke for the acquisition of an interest in the Duke-Price 
Power Company.12 Mr. Davis did not see Duke during the sub
sequent negotiations, which lasted about a year and came to 
nothing. In October 1924 Davis was approached by a representa
tive of Duke, who offered to sell him a substantial block of power 
to be used for aluminum'" Davis replied that while he was in-

.. Ibid., p. 1638. 
II One of Duke's officials evidently tried unsuccessfully to persuade ilie Aluminum 

Company to grant HaskdI • long-time contract at a price below ilie market. 
uThe testimony of Mr. Davis is on pp. 9SS If. of ilie Record. 
• According to testimony in recent proceedings, ilie olfer referred to Saguenay 

power (BMTC v. ACOA appellant, fols. S6S8-S6S9). 
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teres ted in the purchase of power he would prefer a participation 
in the power development on the Saguenay. As a result of sev
eral meetings in the next two months a merger agreement was 
reached in Janl,lary 1925, the terms of which were worked out in 
detail during the spring. 

The Duke interests received about $16,000,000 par value of 
preferred stock of the new Aluminum Company of America, 
equivalent to one-ninth of the whole issue, and 15 per cent of the 
no-par common. Doubtless Mr. Duke was chiefly gratified by 
the prospective realization of a dream in which hundreds of thou
sands of kilowatts were transformed into aluminum. 

After an unsuccessful attempt to carry on with his scheme, in 
which he appears to have been aided by the Curtis and Wright air
plane interests, Mr. Haskell resorted to litigation against the Alu
minum Company and the Duke estate.14 Two suits were initiated 
under the Sherman Act, but only one, the s~t against the Duke 
estate, came to trial. In 1928 Haskell was awarded $8,000,000 

damages against the Duke estate by a jury in the District Court of 
New Jersey.l5 Upon appeal the Third Circuit Court of Appeals, 
by a unanimous opinion of three judges, decided that the question 
of damages should never have been. submitted to a jury, inasmuch 
as there was insufficient evidence' to prove a contract, between 
Duke and Haskelp6 Certiorari was denied by the Supreme 
Court.lT 

The circumstances might suggest that the active interest of 
the Aluminum Company in Saguenay water power was enlivened, 
in part at least, by the knowledge that someone else contemplated 
its use for the production of aluminum. It is not clear whether, 
provision for future growth of home demand and its export busi
ness would have led the company to acquire at that time rights 
to develop nearly a million horsepower. It already possessed 
undeveloped capacity in Tennessee which was probably suffi
'cient to care for many years of growth at home, and undeveloped 

:u Mr. Duke died three months after the merger. 
U A motion for triple damages was denied, since the guilty person was deceased 

(Haskell v. Perkins et al, 28 Fed. Rep. (2) 222). 
10 31 Fed. Rep. (2) S4 (1929). Judge Buffington said: "Indeed the only definite, 

concise thing the situation developed was that Duke volunteered to make and pay 
for a research, and Haskell agreed to cooperate with him in doing SO; and beyond 
that the future was not provided for by a contract then fixed and entered upon." 

17 279 U. S. 872 (1930). 
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power in Norway for expansion abroad. However, the leading 
official of the Aluminum Company, who conducted the negotia
tions with Duke which culminated in the merger, has testified 
explicitly that during these negotiations he had no information 
that Duke or anyone else was considering the use of the Saguenay 
power for a new aluminum enterprise, and that the only purpose 
actuating the Aluminum Company was to obtain additional power 
for the enlargement of its business.1s 

2. CONTROL OF BAUXITE AND POWER 

It must be inquired whether the failure of new competition to 
arise since the war has been due to inability to obtain ore beds or 
power sites which would enable effective competition. The ex
perience of the Uihleins seems to show that they were able to ob
tain satisfactory bauxite in South America. In the spring of x92S 
Dr. Landis was fairly confident that good ore could be obtained 
in British Guiana in spite of the attempts of the British Colonial 
Office to restrict grants to British capital and enterprise. At that 
time several million tons of good bauxite belonging to the Crown 
or the Colony of Christianburg had not yet been leased. However, 
a very large part of the better ore in the Guianas was probably in 
the hands of the Aluminum Company or other aluminum firms by 
the latter part of the post-war decade. The situation in Europe 
seems to have been quite similar.1e 

Prior to the war almost the whole bauxite production of the 
world was concentrated in the United States and France. It will 
be recalled that French bauxite, which was nearly all owned by 
the established producers of aluminum and alumina, was con
verted into aluminum oxide in Germany by several producers of 
that product and by the Neuhausen aluminum firm. Within the 
confines of the old Austro-Hungarian empire there existed exten
sive deposits of bauxite which there had been no occasion to in-

- BMTC Y. ACOA appellant, fols. 5661-S662. 
-The chid 10_ from which material relating to the European bauxites has 

been lakeD are: BaDllert, ",. Q,., pp. 11-14; Czimatis, ",. at., IMsim; C. S. Fox, 
BlllISiU 11M AIUffliMtu LMerite (LoDdOD, 1932), IMsim; GiiDther, ",. m., pp. 
35-43; O. BausbraDd, "Bawdt aDd AlumiDium," WeltmOfllGmlGtistik, n, 149-156; 
W. G. Rumbold, Bllwdte 11M Alu"';";u", (LoDdoD, 1925), I/JUim; Schoenebeck, 
",. Q,., pp. 22-26; fTC Docket 1~.1S; BR. pp. 97 If .. H/J$kell y. Perkhu, Record; 
BMTC y. ACOA, records of both cases. 
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vestigate carefully. Only a very small part of these deposits had 
been purchased by aluminum companies. With the coming of 
war it was, of course, necessary for the German alumina pro
ducers, who now had to assume the burden of furnishing oxide 
to the new German aluminum works, to use sources of ore within 
the 'Central Powers. The same was true of the AIAG, which had 
been partly financed by German capital and had marketed most 
of its output in Germany. After sequestration of its French 
properties it purchased deposits in the Bjhar district of Hungary. 
Other deposits in the same district were acquired by German 
alumina producers, who also bought ore beds in Dalmatia and 
Istria. The Austrian government also carried on ore production 
in the latter provinces. With the peace settlement Istria went to 
Italy, Dalmatia to Jugo-Slavia, and the Bihar section of Hungary 
to Rumania. The new Hungary contained large deposits of 
bauxite hitherto untouched, while Jugo-Slavia also acquired de
posits in the interior back of the Dalmatian coast.20 Of these 
various bauxites some of the Dalmatian and Istrian ore was com
parable to the French bauxite with respect to quality, transport, 
and development costs. The Istrian paUXite was, in general, more 
suitable, all things considered, for tb¢, prQduction of aluminum at 
locl;l.tions near the European or American markets, than most of 
the remaining European deposits. When it became apparent 
during and shortly after the war that aluminum was likely to enjoy 
a great increase in consumption as an important industrial material 
and a military necessity, there ensued a growing struggle for the 
possessioll ~f the marginal and better extra-marginal deposits.21 

Efforts of the old aluminum and alumina producers and potential 
competitors were cboth hindered and intensified by nationalistic 
governmental policies which ranged from the imposition of 

.. Estimates of the tonnage of ore in these various countries have been reported as 
follows: Italy, 13,500,000 tons (MR, 1931, p. 33); Rumania, 20,000,000 tons 
(Aluminium, IX, Heft 12, p. 10, June 30,1927, and Rumbold, op. cit., p. 83); Jugo
Slavia; 30,000,000-50,000,000 tons (Schoenebeck., op. cit., p. 25, and U. S. Com
merce Reports, 1928, III, 490); Hungary, 200,000,000 tons (Fox, op. cit., pp. 257 ff). 
Of the enormous Hungarian reserves only 15,000,000 or 20,000,000 tons appear to be 
suitable for aluminum reduction at present. The proportions of the reserves in other. 
countries which are suitable for aluminum do not appear. 

OJ. Before the war bauxite of 60 per cent alumina content and 2 per cent silica was 
used in Europe. Since the war it has been necessary to exploit ores containing only 
52 per cent alumina an.<!, up to 7 per cent silica. 
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onerous conditions of export to attempts to foster domestic alu
minum producers.22 Hungary, Jugo-Slavia, and Rumania appear 
to have moderated their policies during the twenties, but in the 
case of Italy just the opposite is true. 

In spite of governmental restrictions upon the free play of 
economic forces an energetic and determined quest during the 
first few post-war years would probably have provided a new 
aluminum enterprise contemplating production for the chief 
European or American markets with bauxite deposits eco
nomically capable of justifying the investment requisite for effec
tive production. During the twenties the established firms and 
the new German and Italian companies did purchase or lease much 
of the known bauxite remaining in Europe.23 The Bauxit Trust, 
the ore company of the Vereinigte Aluminiumwerke, acquired the 
largest amount of ore. During the first post-war years the German 
producer relied upon ore from Istria, where deposits were pur
chased in 1922, and upon importations from France. When the 
Italian governmept restricted the export of bauxite a few years 
later with the purpose of fostering a domestic aluminum industry, 
the Germans set out upon a determined campaign resulting in the 
acquisition in 1925 and 1926 of about twenty million tons of ore 
in Hungary, and smaller deposits in Jugo-Slavia and Rumania. 
The desires of the Italian government were met by erection of a 
reduction plant at Mori, Italy, partIy financed by the German 
concern, where the Germans could use their Istrian bauxite. It 
was not until 1924 and 1925 that the Aluminum Company of 
America acquired its Istrian and Jugo-Slavian ore. The holdings 
of the French and British firms were also extended about the 
middle of the twenties. 

The question of the extent to which the bauxite situation was 
changed through purchases of ore lands in the middle twenties by 
the established firms has produced conflicting evidence. The lead
ing bauxite official of the Aluminum Company of America, testify
ing in the late twenties, stated that at that time there were many 

• See above, p. 91. Unsettled political conditions and the embryonic stage of law 
in the new states were also hindering factors. 

• Established firms were doubtless in a better position than a new company to 
meet the desires of local governments for assured supplies of metal or cooperation in 
promotion of domestic enterprise, but it would seem that many if not most of the 
acquisitions of bauxite in the twenties were made without such conditions. 



140 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

commercially available bauxite deposits not owned by aluminum 
companies which could be used as profitably in the manufacture 
of alumina as the ore then being worked by the company.24 Testi
mony of this official in 1935 in the Baush case set forth the known 
occurrences of large quantities of bauxite in various parts of the 
world, but did not deal with the question of ownership of eco
nomically suitable ore.25 L. T. Emory, who in the course of in
vestigations for diff.erent employers made a considerable study of 
the bauxite situation, stated in 1927 that l1e knew of no available 
bauxite deposits anywhere which would justify a new venture in 
aluminum production in the United States.26 An officer of a 
European aluminum company expressed the opinion to the author 
that most of the better bauxite deposits then known had been re
moved from the market by the end of the twenties. 

It is unquestionable that there exist at present large tonnages 
of good bauxite in various parts of the world which are not owned 
by aluminum companies or producers of alumina. Some of these 
deposits are accessible to cheap transport. The difficult question 
which it has been impossible to resolve concerns the amount of ore 
remaining outside the control of established firms at the end of 
the twenties which was economically suitable in quality, location, 
and so on for substantial ventures contemplating immediate pro
duction of aluminum for sale in the chief markets of Europe and 
America. Deposits in India, the Gold Coast of Africa, Australia, 
and other. regions, are known to contain many million tons of 
high-grade ore, but a large part of them are evidently too inacces
sible to us.e at present for this purpose. Government provision of 

.. FrC Docket 1335, pp. 5305 fl. 
• BMTC v. ACOA appellant, fols. 5169 fl. The statement of another officer of 

the company in the same proceeding that "bauxite is DO longer a problem," owing 
to the opening up of extensive foreign deposits since 1912, may perhaps give the 
implication that there is plenty of economically satisfactory ore which Dew entrants 
could acquire today (fol. 6no). 

"Letter to EM], ~, 'l71 (May 1927). See also his testimony in FrC 
Docket 1335, Record, p. 2212. Cf. Leon Henderson, director of the research and 
planning division of National Recovery Administration, Report on Aluminum In
dustry, p. 5, where it is concluded that the dominant position of the Aluminum 
Company of America rests partly on control of sources of high-grade bauxite. It 
is said (p. 18) that one company which is DOW considering the establishment of 
alumina and. reduction plants in tbe United States says that it owns adequate 
supplies of high-grade domestic bauxite. No indication is given of the size of the 
projected enterprise. .j 
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adequate transport facilities in some sections, such as Herze
govina, might, of course, render economical the exploitation of 
good bauxite which cannot now be cheaply transported. The 
known facts suggest that ever since the war acquisition of ore 
reserves suitable for new firms would have required considerable. 
pains, and that by the end of the twenties the remaining known 
deposits economically suited for competition with the 'established 
producers may have been distinctly limited. It is very probable, 
however, that large quantities of excellent bauxite in fairly ac
cessible locations in the tropics still remain to be discovered. It 
would not appear that the costs of exploration are very great, since 
the ore usually occurs on the surface. 

In conclusion, it does not seem that the almost complete lack of 
new firms in this industry in Europe and America since the war 
can be explained entirely by the acquisition of large ore reserves 
by the established firms; but it is evident that these acquisitions 
greatly enhanced the difficulty of the problem facing potential 
entrants. 

It is not clear whether the power problem of an independent 
venture in America or Europe could have been solved more easily 
than the problem of acquiring satisfactory ore. As will be ex
plained in a subsequent chapter, the number of power sites which 
are economically suitable for aluminum production is quite 
limited.IT A new aluminum enterprise would require cheap energy 
which was well located with respect to ore and markets. Unless 
power could be obtained which would enable a new firm to lay 
down aluminum in a given market at a cost, all things considered, 
which was not far above the cost to old producers of reaching that 
market with metal made by developing a part of their power re
serves, the new firm would not be able to enter the industry with 
a reasonable expectancy of profits.1S 

• Below, pp. 185-186. 
• The important comparisoD " between the relative costs of meetiag additional 

incmaeats of an apaadiDg demand. For wherever overhead costs are substantial 
and capital equipment quite durable, the margiaal cost for a projected Dew firm, 
which indudell the capital cost&, " Dot likely to be lower than the margiaal cost 
incurred with the edstiag investment of old firms, which does Dot indude costs 
of capital already invested, UDIess striking improvements in equipmeDt or process 
CaD be introduced. Hmce when such improvements are Dot possible a Dew firm CaD 

ordinarily eater oaly by capturing aD increment of an apaadiDg demand. See 
below, p. 145. 
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Relevant information upon power costs is meager. The follow
ing passage by an electrical engineer represents a generalization 
applicable to the years just prior to the recent depression. 

In the early days' of the industry it was possible to develop hydroelectric 
power at an investment of around $100 per horsepower installed. Since that 
time not only has the cost of machinery and construction advanced, but the 
most desirable of the world's water-power sites have been taken up. For 
this reason at the present day the capital cost is of the order of $250 to $350 
per horsepower.29 

Two or three years earlier an officer of the Aluminum Company of 
America stated that investment per horsepower for new hydro
electric developments in the United States varied between $150 
and $200, averaging nearly $200.30 A recent paper by a represen
tative of the Aluminum Company discusses the unfavorable loca
tion of the large water powers remaining to be developed in the 
United States. 

Practically all of the large water powers remaining to be developed in the 
United States, except those on the St. Lawrence River, are located in such 
a rugged and inaccessible terrain as to preclude the establishment of reduction 
works at or even near the power sites. Thus, long distance transmission be
comes a significant and costly factor.31 

St. Lawrence power has not yet been made available for alu
minum production, nor can' it be predicted when and on what 
terms it will become available. It is not clear whether the state- . 
ment quoted is intended to apply to the Undeveloped power in the 
South owned by the Aluminum Company as well as to other sites. 
Presumably.,· however, the company 'selected those sites which 
appeared to be the most economical of all which might,bave been 
obtained. Hence, if conditions· have not been m.-arkedly altered 
since their purchase, it would appear that the Aiurninum Company 
has possessed some advantage over potential entrants on the score 
of power' costs. In 1926 the Department of Justice designated 
as one .. of the chief reasons for the absence of serious attempts to 
enter the industry the apparent difficulty in· the acquisition of 
adequate power in advantageous locations.32 Whether the situ-

.. E. V. Pannell, Metal Industry. XXVII. 72 (February 1929) • 

.. Below, p. 2IS~ 
IlT. J. Bostwick. Transactions. World Power Conference (1933), II, 328. 
"BR. p. 51. • 
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ation will be modified by government development of power in 
the eastern part of the country cannot be definitely known at 
present. 

The cost of energy per horsepower year at the Saguenay de
velopment of the Aluminum Company of America is said to be. 
under $5'-' This figure may give some indication of the cost at 
which the reserve power on the Saguenay can be made available. 
A new firm in Canada which intended to enter the markets served 
by Aluminium Limited would doubtless need to have power at 
something under $10 per horsepower year at least. In fact, it 
might require somewhat cheaper power than that at the disposal 
of Aluminium Limited in order to offset a disadvantage in the 
bauxite cost. 

Available information upon relative costs is insufficient to de
termine whether it would be profitable to found a new firm to sell 
aluminum in the United States which was produced with Canadian 
water power. Unless it was believed that the average cost of the 
new firm, including the United States import duty, would not 
greatly exceed the average cost of an additional increment pro
duced by the Aluminum Company in the United States, there 
would be an appreciable risk of poor returns for the investment 
of the new entrant. The import duty of the United States is equal 
to $88 per metric ton of aluminum. Assuming that four horse
power years are used in producing one ton of metal, the duty is 
equivalent to $22 per horsepower year. It is doubtful if new 
energy has cost the Aluminum Company more than $20 per horse
power year.·· It seems plain that the existence of a substantial 
duty has meant that a new firm established in Canada to sell in 
the United States would have required some advantage over the 
Aluminum Company in other departments as well as in power 
expense in order to compensate for the duty. For the future the 
problem is complicated by the uncertainty as to whether the 

-TestimoDY of an officer of the Aluminum Company, HaskeU v. Perkins et al~ 
Record, p. 1036. The investment was given as about $65 per b.p. The price 
which will be paid by Aluminium Limited, if it uses any of tbis power, does not 
appear. It pays $13 per h.p. year for the energy taken from the Saguenay Power 
Company (BMTC appellant v. ACOA, fol. 612). 

II This is inferred from evidence that power could be rented in the United States 
during the early twenties for a lninimum of about $20 per horsepower year 
(HaskeU v. Perkins et al., Record, pp. 801, 1421, 1575) j and testimony upon in
vestment per horsepower. 
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Canadian dollar will follow the pound or the United States dollar. 
Authoritative opinions assert that, with the exception of Nor

wegian sites, nearly all the European water power which can be 
considered for aluminum reduction in the near future has already 
been taken up and developed in part or in whole. Many of the 
best sites in Norway are controlled by the French, British, and 
American aluminum firms. The use of brown coal in certain sec
tions of Europe would probably enable ·effective competition if 
suitable ore could be secured. It is said that the cost of energy 
made from brown coal in Germany is now in the neighborhood of 
$20 per h.p. year.35 The investment per horsepower required 
for a new hydroelectric development in Norway is given as $uo, 
equivalent, perhaps, to about $10 per h.p. year.36 Investment per 
horsepower for a new hydroelectric development in Germany is 
estimated in the same source as just double that for Norway. Evi
dently these estimates refer to present costs for developments 
which might be considered typical. Their only value is to afford 
some rough comparison of the costs of new power in various loca
tions. There are no data obtainable which show with any pre
cision the relative costs of new firms and of added increments 
produced by the established companies.S7 

The known facts about the bauxite and power situation seem to 
indicate that a new firm established to sell in the principal markets 
-of the existing producers might have somewhat higher costs than 
the cost to the latter of expanding their output by drawing on ore 
.and power reserves. It cannot be toncluded, however, that a new 
firm which suffered some cost disadvantage could not have an ex
pectancy of good profits. This matter requires brief analysis. 

If anew entrant felt that he must be prepared for purely com
petitive price making he wo~d need, of course,' to be sure that 

.. MW, .xm, 380 (May 18, 1934). Bannert (op. cit., p. 51) gives about $16.00 
per h.p:'year for 1926. The cost figures given here in dollars have been converted 
at' the pars of exchange prevailing prior to devaluation of the United States dollar 
in order to facilitate comparison with figures for earlier years and the figures for 
Canada expressed in United States dollars of the old parity . 

.. MW, xm. 380. It appears that power can DOW be purchased at something less 
than $10 per h.p. year in Norway (Transactions, World Power Conference, 1933. 
n,319). . 

"lnvestmenf per horsepower of the first stage of the' Lochaber development 
appears to be about $340. It is estimated that this will be reduced to an average 
investment of about $185 per horsepower for the whole development (Engineering, 
CXXXV, 636, June 9,1933). 
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his unit cost would be as low as the lowest marginal cost at which 
the old firms could meet an expanding demand.ss In later chap
ters it will be shown that competitive rather than oligopolistic 
price making has in fact occurred from tjme to time in this in
dustry. It is manifest that the entry of several new firms, if that 
were possible, might of itself precipitate competitive price making. 
Were the new firm certain that it could rely upon duopolistic or 
oligopolistic price making, it might enjoy an expectancy of good 
profits even though its cost were somewhat higher than the mar
ginal cost to the old producers of meeting additional increments 
of demand. It would need to insert its capacity ahead of the con
templated expansion of the established firms. Its relative success 
or failure in catching the existing incumbents off their guard, as it 
were, by invading the field while they were still planning exten
sions would affect the length of the period in which its profits 
would be small or nonexistent. The length of time required to 
secure the properties necessary to enter this industry and the 
difficulty of maintaining secrecy militate against success in this 
respect. 

If the old firms tended to keep in existence such an investment 
that marginal revenue in all markets would equal their marginal 
costs of serving those markets, the new firm would reap normal 
profits as long as its average cost for some rate of output was no 
greater than the price (average revenue) at which marginal 
revenue was equal to the marginal cost of the old companies. In 
other words, the difference by which the average cost of the new 
entrant could exceed the marginal cost of the established firms 
would be determined by the spread between price and marginal 
revenue. In all markets in which the price was ordinarily set 
toward the lower end of a quite elastic portion of the demand 
curve - which was followed by a section of unitary elasticity or 
inelasticity - the spread between price and marginal revenue 

• This would be true even if the established firms introduced more effective re
sources - bauxite deposits, power plants, and so on - as demand expanded, pro
vided they engaged in purely competitive price making. For the result of that 
would be that the resources of lesser productivity, which bad been brought in 
earlier, would be utilized less intensively, so that marginal cost with the new and 
the old would be equalized in so far as technological obstacles did not prevent that. 
It Is ac:eedingly doubtful, however, that the old firms would practice competitive 
price makin, when introducing more effective resources, for at such a time they 
would be made particularly aware of the unprofitability of price cutting. 
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would not be large, and the ave~age cost for a new firm could not 
much exceed the marginal cost to the established producers of 
supplying additional increments.39 It seems likely that in some 
important markets for aluminum, such as the markets for cable 
and airplane materials, the differential between price and marginal 
revenue is small because demand is quite elastic at prices higher 
than those charged. 

If it were shown that this condition of. a small differential be
tween price and marginal revenue existed in most important 
markets, it could not be concluded, however, that the average cost 
for a new firm could not much exceed the marginal cost to the 
old companies of expanding supply, because we cannot be sure 
that the established producers are able to equate marginal cost 
and marginal revenue in most markets. Under certain circum
stances the marginal cost curve for a firm will not intersect the 
curve of marginal revenue. This is possible when demand, instead 
of being continuously elastic, exhibits stretches of unitary elas
ticity or inelasticity following a section of elasticity. When mar
ginal cost is always either below or above the positive portions of 
the marginal revenue curve corresponding to the elastic parts of 
the demand curve, it is impossible to equate marginal cost and 
marginal revenue. A simple situation of this sort is illustrated in 
the diagram on the next page. 

In an industry characterized by perfect ease of entry such a con
dition could not long endure. An influx of new firms would move 
the demand and marginal revenue curves of all producers to the 
left until marginal cost and marginal revenue were equal. In an 
industry such as alu.minum, however, there is no reason to suppose 

so The case<in which the cost disad,vanfage of the new firm would be just equal 
to the full spread between price and marginal cost of the old firms is' the limiting 
case. It is interesting to note that new firms with .cost disadvantage approaching 
this IImount might be unable to gain more than normal profitS with any rate of 
output. Normal profits would require nearly full utilization' of the investment 
appropnateior the price at which marginal revenue was equal to marginal cost for 
the old firms. Should the new firm restrict output by an amount X in an attempt to 
equalize its marginal cost and marginal revenue, an old firm would take over this 
amount J( as soon as demand had expanded enough to permit it to bring in the 
smallest practical "lump" of added investment, for until it did so marginal revenue 
would be above the marginal cost at which it could expand. The new firm would 
then find itself producing for less than normal profits. Hence if its officers used 
foresight they would from the beginning content themselves with normal profits 
only. 
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that this would necessarily occur. Only the aluminum producers 
themselves can tell us whether marginal cost and marginal revenue 
have been so related in most markets that they could be made 
equal. No evidence on this point has appeared, so it is inipossible 
to know whether the possible gap between the average cost of a 
new firm and the marginal cost of additional supply from old 
firms is large or small. 
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I 
I 
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Whatever this spread, a new entrant would have to take account 

of the possibility that the difference between price and marginal 
revenue might be diminished by an increasing elasticity of demand 
at lower prices. Furthermore, the average expectancy for the 
spread would be narrowed by the probability of occasional periods 
of competitive price making and the possibility of economic war
fare. It goes without saying that a new firm would need to be 
provided with ample reserves in case its power of resistance were 
subjected to a searching test. 

In view of the considerations surveyed in this section and the 
strength and organized market control achieved by the principal 
companies (which will be examined next), it would not be sur
prising if new aluminum ventures depending on bauxite were 
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limited for some time to come to countries having power and 
access to ore which are removed from the chief markets of Europe 
and America, or to countries whose governments foster domestic 
producers. The recent developments in Russia, Japan, and Hun
gary seem to illUstrate these possibilities. 

It is impossible to predict the success of attempts to utilize 
lower-grade ores commercially. The Blanc process of obtaining 
potassium chloride and alumina from leucite, a mineral contain
ing 23.5 per cent of alumina, has been operated in Italy for several 
years. Apparently, however, no large amount of alumina has yet 
been produced by this process. In the past thirty years many 
attempts to discover an economic method for recovery of potash 
and alumina from alunite have failed. In the fall of 1934 it was 
announced that the Bohn Aluminum and Brass Company of 
Detroit had nearly perfected a process which they intended to 
operate commercially, using the alunite which exists in abundance 
in Utah. According to report the Tennessee Valley Authority has 
also been experimenting upon the reduction of aluminum from 
low-grade ores.40 It is said that one of the European processes for 
extracting alumina from low-grade ores is quite as economical as 
the Bayer process, although it would not yield any decisive saving 
as compared with the latter. The fact that it has not been used 
is attributable to its possession by one of the established aluminum 
firms, which found no advantage in employing it. Altogether a 
very large amount of effort has been devoted to experimentation 
upon methods of using lower grade ores.41 It is to be hoped that 
some process may be discovered which will appreciably lower the 
cost of production of this useful metal. Should that occur the 
world might indeed experience something like the Aluminum Age 
envisioned by the founders of the industry, and the problems in
cident to market control might become simpler. 

"'HR, p. 18. 
a..See Aluminum Industry, I, chaps. V-VII; United States Bureau of Standards, 

Acid Processes lor the E:r:traction 01 Alumina; Czimatis, op. cit. 



CHAPTER VII 

NATIONAL MONOPOLIES AND INTERNATIONAL RELATIONS 

I. CONTINUING MONOPOLY IN AMERICA 

INASMUCH as a new aluminum enterprise in the United States 
could probably have obtained economical bauxite in Europe or the 
Guianas and power in Canada, if not in the United States, during 
the first part of the post-war decade, control of ore and power 
by the old companies cannot completely explain the failure of 
competition to arise under the stimulus of rapidly expanding 
markets. As in the pre-war period, the expansion policy of the 
Aluminum Company of America has had a weightier significance 
than merely increasing the difficulty of others in securing these 
essential materials under circumstances enabling effective com
petition. War prosperity and the return to a higher duty in 1922 
contributed to the striking increase in size and financial strength 
of the Aluminum Company. After a period of hesitation during 
which rapid growth of consumption here could not be cared for 
even with the addition of Norwegian properties, expansion was re
sumed in 1925 when ground was broken for a dam at Santeetlah on 
the Little Tennessee River. In the same year the vast development 
on the Saguenay River was launched with the building of a reduc
tion plant at Arvida, which began operation in the middle of 1926 
with 100,000 horsepower from the Duke-Price development at 
Isle Maligne. The year 1926 also witnessed the commencement 
of construction to enlarge the capacity at Badin, North Carolina, 
and develop power at Chute-a.-Caron on the Saguenay. Facilities 
in use and under construction were again ahead of demand at the 
current price, and potential power had been more than doubled. 
Moreover, during this period an interest in several foreign enter
prises had been acquired, more attention had been paid to the 
cultivation of foreign markets, and at home the company had 
strengthened its outlets by taking over Aluminum Manufactures, 
improving its foundries, and waging a determined campaign which 
soon made it once more a prominent factor in the castings division 
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of the industry. Semifabricating facilities kept step with reduction 
capacity. 

The promoter who launched a new aluminum company in the 
post-war years would have faced a stronger business organization 
than the Aluminum Company of the earlier period. Perhaps the 
cost of ingot production in the United States had been somewhat 
lowered by the larger power plants in the South; evidently the 
Saguenay plant became the lowest cost unit in America and 
possibly in the world. This suggests that ,some power sites which 
would have enabled an independent to compete successfully be
fore the war later became extra-marginal. It is to be doubted that 
the company has gained any considerable economies of combina
tion since pre-war days. A well-managed firm of much smaller 
size than the Aluminum Company could probably produce and 
sell quite as efficiently, provided it were well integrated and pos
sessed suitable ore and a well-located site capable of cheap, large
scale power development.1 Yet the initial investment necessary 
to create a substantial firm has doubtless been greater since 1920 

than it was before the war.2 Not only has the financial strength 
of the Aluminum Company become more impressive; the in
vestment in ore reserves and potential power of the two North 
American companies also increased. The introduction of operat
ing capacity by outsiders would, if it resulted in capturing any 
substantial part of the market, retard the future operation of this 
idle investment. Even if that part of the Saguenay investment now 
belonging to Aluminium Limited IS to be used chiefly to serve 
markets outside the United States; the idle reserves of ore and 
power of the Aluminum Company of America are a factor of sig
nificance. Since it would be. 'impossible to predictexa~tly what 
policy the Aluniinum Company would follow should a new firm 
enter the field, the latter would need to be prepared for a searching 
test of/its 'purse. 

Although scientific knowledge of the several stages m the pro
ductiorcof aluminum ingot has become more widespread than it 
was twenty-five years ago, the complexity of the process has prob
ably remained a deterrent element of some force. In 1912 the 
Aluminum Company was one jump ahead of potential competi-

1 See below, Chap. IX, for analysis of economies of large scale investment. 
• Greater after allowance for the higher prices of the factors of production. 
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tors. The growth in specialized skill of its scientific and operating 
staff and the resultant improvements in various parts of the com
plicated process--particularly at the alumina stage - may have 
more than offset the wider dissemination of knowledge about the 
process, and placed the company two jumps ahead in recent years. 
The creation of an operating organization of comparable efficiency 
might require several rather than a few years. Finally, uncer
tainty incident to the possibilities of economical use of low-grade 
ores for aluminum has probably exercised some discouraging in
fluence upon potential competition. 

Whatever the views of promoters, there has apparently been 
little desire among bankers to assist in creating new aluminum 
enterprises. Neglect of this industry in a world where investment 
bankers increasingly engage in the promotion and operation of 
industrial enterprises argues weighty deterrent elements. One won
ders whether the mere prestige and strength of the Mellon banking 
group has not influenced the situation. 

The absence of attempts by more than a few of the larger im
mediate consumers of aluminum to integrate backwards may be 
explainable on the hypothesis that it would have been difficult to 
obtain satisfactory ore and power, or upon the supposition that 
it was felt best not to do anything which might possibly antagonize 
a powerful competitor! Or perhaps the complexity of the process 
in itself was enough to deter many efforts in this direction. In any 
event, successive abandonment by prominent business men of 
plans to produce aluminum must have had a cumulative effect. 
Besides the Uihlein venture and the Duke-Haskell episode, two 
other projects received publicity. In 1917 it was reported that the 
Anaconda Copper Mining Company was negotiating for bauxite 
properties in Georgia, and for a few years this company experi
mented upon aluminum production.' About the time that Anaconda 
dropped its plans Henry Ford apparently set his metallurgists 

• It is all obvious ract that the existing organization of the indulstry confers upon 
the Aluminum Company the power to allect in large degree the fortunes of those 
competitors in the fabricating branches wbo are largely dependent on it for supplies 
of virgin ingot. The nature of testimony before the Trade Commission some years 
ago aIld conversations with independent fabricators indicated their awareness of 
this. This fee1ing may have been strengthened by what has seemed to some the 
failure of government agencies to settle satisfactorily the complicated problems in
cident to the situation. (See Part IV. passi,..) 

• EMJ. av. 539 (September 1917); MI. XXIX, 14 (1920). 
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to work upon aluminum reduction. In 1923 he bought bauxite 
lands in Georgia and it was said that he bid for Muscle 
Shoals with an eye cocked toward aluminum production.1i Yet to 
date he has produced none of the metal except for experimental 
purposes. It would appear that these plans were abandoned before 
they had reached a stage requiring the accumulation of ore re
serves; yet such reserves could probably have been obtained at 
the time. 

Nearly fifty years have elapsed in the life of the aluminum In
dustry without the production of a single market-minded virgin 
ingot in the United States outside the plants of the Aluminum 
Company. The company emerged from the war twice as large 
and much more formidable. Since 1915 it has played a leading role 
in the international competition of existing aluminum producers 
for the better ore and power sites which has substantially 
diminished the opportunities open to potential competitors. In 
two instances the company acquired bauxite or power which was 
apparently being considered as a basis for establishing a rival alu
minum producer on this continent. Although capacity was un
equal to demand at high prices during the years 1922-1924, 
resumption of expansion in 1925 introduced additional facilities 
rapidly thereafter, and added an enormous· reserve of potential 
power. The history of this industry demonstrates that the exist
ence of the antitrust laws has not been sufficient to create condi
tions under which competitors would arise. A complicated 
pro~ess requiring an investment of several millions, limited natural 
resources, vigorous expansion by-the existing firm, uncertainties 
of obsolescence, disinclination· of bankers to provide financial 
assistance - some or all of these elements have. raised "effective 
barriers to entry of a sort with which the antitrust laws as in
terpreted and administered were not designed to cope. From the 
considenl.tions surveyed up to this point it would not seem likely 
that'Sevt!ral new firms will enter this field in AmericaJn the near 
future .unless, indee!i, some cheap process of using low-grade ores 
is· developed: . 

• New York Times, August 3, 1921, p_ 7; MI, XXXII, 30 (1923); Anderson, 
op. cit., p. 61. '-.I'M Hooker-J. G. White-W. W. Atterbury bid for Muscle Shoals 
was reported to· contemplate production of an alloy of duralumin to be used 
in railroad-car construction. Whether the reduction of aluminum was intended is 
not clearly apparent, but it would seem so. 
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2. NATIONAL MONOPOLIES IN EUROPE 

Since 1914 there have been only seven new aluminum enter
prises launched in Europe outside of those established with the 
participation of the leading producers. Of the seven new firms 
four, or perhaps five, owe their existence to the activities of 
governments. The two most important are the state enterprises 
in Germany and Russia. A small plant was built during the war at 
Steeg, Austria, by the Stem und Hafferl electric firm at the in
stigation of the Austrian war department.' It has continued as a 
very small producer. Aluminiumwerke, Bitterfeld, owned jointly 
by I. G. Farbenindustrie and the Metallgesellschaft, represents 
the outgrowth of participation by these two corporations in the 
development of a war-time industry in Germany. It is not clear 
whether the Aluminiumwerke Manfred Weiss, which has recently 
established a small plant in Hungary, received government en
couragement beyond the imposition of a protective tariff. The 
remaining two of the seven new enterprises were promoted in 
Norway by private interests who shortly sold control to estab
lished producers. Det Norske Nitridaktieselskap, which began to 
produce aluminum in 1914, was purchased in the following year 
by the Compagnie Alais. Norwegian interests formed the Norsk 
Aluminium Company to take advantage of war profits, suffered 
financial reverses during the post-war depression, and sold a half 
interest to the American firm, as we have seen. 

Of the new companies which have remained independent of old 
producers the Vereinigte Aluminiumwerke alone has exercised a 
significant influence in the European market. Its rapid growth to 
an established position among the leading producers has been 
sketched in an earlier chapter. From its inception this state 
corporation has received a large measure of government protection 
against domestic and foreign competition in Germany, which has 
ordinarily been the largest consumer of ingot aluminum in Europe. 
By a decree of the Brmdesral in 1917 the erection of newalumi
num plants or expansion of existing ones was made subject to 
approval of the Reicluka"zler.' At the same time a qualified 

• Debar, II'. AI .. p. 3S. 
I GiiDther, II'. AI. p. 21 j Kupayk, Wimcll4/tsdieIIS,. XVI. 281 (February 

13, 1931). 
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Einfukrverbot. was passed, under which the import of aluminum 
would be sanctioned by the government only when the German 
companies could not or did not wish to deliver metal with the 
same conditions., as to quality, price, time, and so on.s Since a 
government permit was required for importation, and the rules 
referred to were merely an expression of general policy, dumping 
could easily be controlled. The first of these decrees has continued 
in force. When Germany lifted the ban on imports in 1930 in 
accordance with an international agreement obtained by the 
League of Nations, it was replaced by a protective tariff of 0.25 
M. per kilogram (equal to about 15 per cent ad valorem). It is 
obvious that the monopoly position of the Vereinigte Aluminium
werke could not be threatened if private enterprise so desired, 
unless the government were willing to share the business; while 
the restrictions on importation gave the government an oppor
tunity to exploit consumers if it wished to do so. 

The situation in France since the war has been quite similar on 
a smaller scale to that in the United States. Consolidation of the 
Alais and Froges concerns left only· one outsider, who cooperates 
in control of the market with the Compagnie AFC through l'Alu
minium Fran-;ais. This effective market control was. protected 
from foreign invasion by a tariff of 2 fro per kilogram, which was 
raised in 1926 to 3.40 fro per kilogram (equivalent to 20-30 per cent 
ad valorem during the past decade).9 The Compagnie AFC and 
its associate produce principally for the home market, although 
plant expansion in the latter half of the twenties was intended to 
produce an export surplus. The chief difference between the post
war situation in France and in the United States lies in the greater 
significance of hauxite control in the former. A J;lew French pro
ducer of aluminum would have had to obtain '.bauxite abroad. 
Much,of the ore available in the first five years after the close of 
hostilities was definitely inferior to the .French bauxite in quality. 
Obviously, transport costs would be somewhafhigher even for 
bauxite which was equal in quality. Unless a new French venture 
could have obtained an assured supply of this material on eco
nomical terms from some alumina firm which owned large reserves 

8 Giinther, loco cit. 
• This is the minimum tariff which applies to imports from the other European 

producing countries. A special tariff of 5.10 fr. was laid upon ingot aluminum from 
the United States some years ago. 
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in France, it would probably have been at a disadvantage with re
spect to ore costs. Needless to remark, concentration in the in
dustry and expansion at a rate at least equal to growth in demand 
have enhanced the formidability of I'Aluminium Fran<,;ais. 

The disadvantage of a small home consumption in a world 
where most of the largest markets are protected has been shown 
in the description in an earlier chapter of the experience of the 
Neuhausen concern since the war. It is manifest that there has 
been little incentive to promote a new aluminum venture in Swit
zerland. Until 1931 the Swiss imposed only a nominal import duty 
of 5 fro per 100 kilograms. In that year the duty was raised to 65 
fro per 100 kilograms, equal to about 25 per cent ad valorem. The 
disadvantages of more expensive power and labor in England have 
doubtless discouraged fresh capital and enterprise from entering 
this industry while the home market remained open to foreign 
sales. Support for this view exists in the fact that the high power 
costs at the new Lochaber plant of the British Aluminium Com
pany were reduced somewhat by guarantee of bonds of this 
company by the British government. The English market was un
protected until 1932, when a 10 per cent ad valorem duty was set 
up for aluminum as England joined the move toward protection. 

Thus in each of the four countries domiciling the leading pro
ducers of Europe there existed during the post-war decade factors 
becoming progressively stronger each year which acted as deter
rents to the entrance of independent enterprise in spite of the very 
large increase in consumption. Acceptable ore may have been 
obtainable for only a few years after the peace settlement. In 
France semimonopolistic control of superior bauxite was fortified 
by the strong organization and impressive size of the two producers. 
In Germany the government decreed legal protection for its own 
offspring. In Switzerland a home market much too small to 
satisfy the ambitious Neuhausen firm would have necessitated 
precarious reliance on those foreign markets which still remained 
open. High costs in England might have meant small returns with 
the ever-present possibility of invasion of the unprotected home 
market. And it was well known that the producers of aluminum 
acted in concert for market control and might oppose their com
bined front to any invasion of the field. 

Norway, Italy, Spain, and some of the successor nations of the 
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old Austro-Hungarian empire were the only countries where in
dependent enterprise might have found it feasible to establish 
aluminum plants. Since power costs are high and free enterprise 
restricted in Italy, a combination of government interest and aid 
from established 'producers was required to obtain a producing 
industry there. The successor nations offered small home markets, 
unsettled financial conditions, and barriers to free trade in 
neighboring lands. The Spanish market was too small to act as 
an anchor for an ambitious venture. Although the Norwegian law 
restricting ownership of power to Norwegian citizens doubtless 
added to the difficulties attending promotion of a new aluminum 
enterprise in that country by foreign capital, it did not make it im
possible. Whether the failure of independent enterprise to take 
advantage of the possibilities of Norway for aluminum has been 
due to inability to obtain suitable bauxite, control of all the better 
power sites by established interests (in other industries as well as 
aluminum), exercise of power and influence by existing producers, 
or simply a lack of interest in attempting to promote an enter
prise which would require such an exacting combination of 
elements and involve such large risks, cannot be definitely known. 

Before passing to consideration of international agreements 
among producers it must be emphasized that throughout the 
twenties more than half of the consumption of aluminum ingot in 
Europe occurred in the markets of France and Germany. Imports 
into the protected market of France were negligible. The pro
tective device in Germany was l:!.dministered so as to permit im
ports which ranged between a quarter and a third of German con
sumption. The German and French companies developed capacity 
for export only in the middle or latter twenties. The world picture 
presented immediately after the. war showed five national mo
nopolies, of which three, producing perhaps three~quarters of the 
total ,output, sold almost altogether at home. In the ensuing 
decade;, however, this situation was materially changed. With 
the rapidly expanding expectancies for aluminum, which were 
partially verified by the swift increase in demand beginning in 
I922, there occurred a growing competition in the form of invest
ments in ore and power reserves, as well as reduction capacity, 
which began to threaten a heightened competition in price and 
sales. 
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3. INTERNATIONAL CoMPETITION AND COOPERATION 

For six or seven years after the end of war there seems to have 
been little active competition between the leading companies of 
the world except in sales in the United States, particularly during 
the depression of 1921-1922. Outside of the Swiss, who were 
forced to devote more attention to foreign markets, each com
pany was engaged chiefly in satisfying the home demand. During 
this period there existed informal price understandings between 
some, if not all, of the European companies.!O In 1923 a definite 
price agreement was made between the French, the British, and 
the Swiss. In their sales in Europe the Americans seem, in the 
main, to have respected the European priceY After the depres
sion it was probably understood among the European producers 
that home markets would not be invaded in any determined 
fashion. It would be wrong, however, to conclude that there were 
no competitive influences at work. Aggressive price competition 
in the sale of ingot aluminum does not seem to have occurred, ex
cept in the development of new markets such as the Orient, unless 
it was induced by business depression. Until the latter twenties, 
at least, the same appears to have been true of competition in sales 
at a given price. Nevertheless, within the limits of the kind of 
market control which existed at various times, there have always 
been competitive forces which expressed themselves partly 
through a race in expansion to benefit from the increasing demand 
in new uses and countries where aluminum consumption had been 
low,!2 and to prevent increasing imports or withdrawal of govern
ment protection as a result of failure to meet the home demand; 
partly through exporting more metal to markets formerly served 
by other countries; and partly through attempts to influence the 
nature of agreements on price, markets, and, when they existed, 
quotas. It is difficult to determine whether the European com-

M Bermi, Lammers, Marlio, and Meyer, Review 0/ the Economie Aspects 0/ 
Several l"terruJtiofllll Irldustrial .o4.,ree_ts (League of Nations, Economic and 
Financial Section, Geneva, 1930), p. 26. 

DCf. W;,tsdtllltsdiefut, Xlll, 210 (1928), and XIV, 939 (1929) • 
.. Cf. remarks of Dr. Gustav Navi1le of the board of directors of the AIAG at the 

ameral meeting in 1924 (.o4.lu"';";u1II. VI, Heft 9/10. p. 8. May 25. 1924), who 
Itreased the necessity of expansion by the company in order not to lose its relative 
share of the world market. 
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panies have felt these competitive influences more strongly than 
the Aluminum Company of America, but it seems probable that 
they did until the latter twenties. The British market stood open 
to foreigners, while the Neuhausen firm was forced to develop 
sales abroad. The German import restriction was so drawn, and 
apparently so administered, that potential imports were a factor 
for consideration. Until about 1925, when it began to develop a 
capacity destined to produce an export surplus, the Compagnie 
AFC probably felt these competitive elements the least. By the 
middle of the twenties the growth of American investments in 
Europe had introduced a new element into the European situation. 

By 1925 it was apparent that the capacity then under construc
tion and projected was capable of producing more aluminum than 
could be sold at the current high price. The world prices of cop
per had been falling since 1923. Formal cartel organization was 
again set up in the following year, perhaps with the chief purpose 
of insuring an orderly reduction of price. When oligopolists, be
lieving that a change to a lower price is required to maximize 
profits, make reductions independently, there is often a danger 
that the reductions of some will be misinterpreted as acts of price 
competition. Such a possibility would exist whenever opinions 
differed as to the amount or time of the best change. Under such 
circumstances agreement may prevent the outbreak of price com
petition. The new cartel included the four chief European com
panies. Three small firms - Aluminiumwerke, Bitterfeld, the 
Steeg concern in Austria, and the Giulini enterprise which operated 
a small plant at Martigny - were.· affiliated with it. The Alu
minium Corporation of England remained outside the organiza
tion. At the expiration of the two years to which. the original 
agreement was limited it was renewed without material change 
for a period of three years more. 

Neither the AluminuniCompany of America nor itS 'Canadian 
subsidiary joined the cartel, and apparently there were -no agree
mentS.between the American and European producers until Alu
minium Limited made agreements with European firms relating to 
Asiatic markets.13 However this may be, it appears that in their 

,. It has been asserted by some that understandings relative to the American 
market have existed between the Aluminum Company of America and the Euro
peans at various times since the war. See, for instance, the testimony of Mr. 
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sales in Europe the cartel price was in the main respected by the 
Aluminum Company before 1928 and by Aluminium Limited after 
its formation. The Europeans did not always reciprocate in their 
sales in the United States, although it appears that since 1922 

foreign metal has not as a general rule been sold here at prices 
substantially below those charged by the Aluminum Company. 
Many sales have been made at the prices quoted by the domestic 
firm. Apparently from time to time sales have occurred at prices 
equivalent to a discount of Yz cent or I cent a pound from the list 
price of the Aluminum Company, and sometimes at a larger con
cession.u There is no indication that the European firms cut 
prices vigorously in order to build up a substantial export market 
in the United States. The bulk of the exports to this country, 
which have ordinarily represented less than IS per cent of the total 
sales of virgin aluminum in all forms here, seem to be explained 
by distress selling during depression, attractive profits owing to 
temporary shortage here, and disposal of temporary surpluses in
cident to the abrupt introduction of a large "chunk" of new 
capacity in Europe.lIi 

The failure to adjust investment in Europe to a part of the 
lucrative American market must be ascribed partially to the tariff 
in the United States. It is to be doubted that oligopolistic forces 
alone would have produced this result, for cost in some parts of 

BaskeD that an officer of the Aluminum Company told him of such understandings 
(FrC Docket 1335, Record, pp. 2546 If. and 2636 If., and BMTC v. ACOA appel
lant, fol. 1754). See also KIJrtdl Rulldschau, XXV, 588 (1927); Wirtscha/tsdienst, 
XIII, 110 (1928), and XIV, 939 (1929). This has been repeatedly denied by rep
n:sentatives of the company. See, for example, BMTC v. ACOA appellant, fols. 
5765 If. My own interviews have produced confticting reports, but those who might 
be expected to have better knowledge on this point have stated that the Aluminum 
Company did not have any understandings with the cartel. 

It has been said that Aluminium Limited had understandings relative to the 
European market with some or aD of the cartel members. An officer of Aluminium 
Limited has testified, however, that prior to organization of the Alliance Alu
minium Cle. there were no such understandings (BMTC appellant v. ACOA, fol. 
JI70 • 

.. See open market quotations, p. 242 below, and BMTC v. ACOA appellant, 
a1u"bits 193, 270-280, 270A, 324-334, 344, 347-400, 425-427, 432-446, 526-528. 
556. Cf. HR, pp. 4, 8. After 1929 foreign metal was sold in indeterminate amounts 
at larger concessions from the list prices of the American firm. It appears, however, 
that the Aluminum Company itseU was making substantial concessions on some of 
its sales in these yean. 

• See Chaps. XI and XIII. 
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Europe has probably been somewhat below cost in the United 
States, owing to cheaper power and labor and lower transport ex
penses. In the absence of a protective tariff here it is likely that 
European capacity would have been adjusted for a substantial 
export surplus to' be sold in this country. Doubtless oligopolistic 
price making would then have governed the market, but price 
would have moved at a lower level and European sales would have 
been larger. Removal of the duty after acquisition of the N or
wegian interests, and particularly after development of the low
cost Canadian capacity, whose large potential output could be used 
to enter markets served by the Europeans, might not have pro
duced the result which could earlier have been expected, if the 
Europeans believed that reprisals would follow any determined 
cultivation of the American market. 

During the twenties imports from European producers failed 
to increase in the same proportion as the sum of output in the 
United States and imports by the Aluminum Company.10 Sales 
of the Europeans in the United States declined relative to sales of 
the Aluminum Company after 1926.17 Evidently the European 
producers did not share proportionately with the domestic firm 
in the expanding consumption here. Existence of the duty, which 
did not change between 1922 and 1930, may not entirely explain 
the failure of the European firms to adjust their investment for 
increasing exports to the United States as demand increased here. 
In the absence of agreement that result could be explained by any 
of the, following conditions. (I). The cost of producing additional 
increments of metal in America may have declined relative to the 
cost of additional amounts in Europe.ls While information on cost 
reductions is unsatisfactory, nothing has appeared to suggest that 
the cost of additional metal decliried in the United States relative 
to Europe during the twentie~: It would appear, how~ver, that the 

,. Output figures are given in Table 38, and statistics of imports in Table 15. (Im
ports of fabricated aluminum were negligible.) Annual percentage ratios of imports 
from European· producers to the sums of output in the United States and imports 
by the AlumintimCompany were approximately as follows: ' 

1923 - 19 1927 - 15 
1924 - II 1928 - 'I 
1925 - 18 1929 - 'I 
1926 - 22 

10 Below, p. 325. 
18 Cf. the reasoning above, pp. 144 ft. 
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cost of the added increment from the Saguenay in Canada was 
lower than the cost of additional metal in most places in Europe. 
(2) The Europeans may not have felt confident that the Alu
minum Company would pursue oligopolistic rather than competi
tive investment, output, and price policies here. In so far as the 
marginal cost here was below the sum of marginal cost abroad 
and the duty, Europeans would invest for export to the United 
States only if they were reasonably sure that price here would 
tend to exceed marginal cost by some appropriate margin. (3) 
European producers may have feared that maintenance of a cer
tain proportion of total American sales might lead to more aggres
sive cultivation of foreign markets by the American companies. 

The purposes of the cartel were announced in 1926 as follows: 
( I) exchange of experience and patents; (2) cooperative cultiva
tion of markets - an international bureau was created with the 
function of stimulating interest in aluminum; (3) reduction of 
costs and prices, and stabilization of the latter.11 The apparatus 
for market control (which was not made public for several years) 
appears to have been as follows.20 There was no attempt to control 
production directly, but sales quotas were fixed in 1926 and again, 
perhaps with slight changes of I or 2 per cent, in 1928. Of the ag
gregate sales of ingot aluminum, including alloys in ingot form, by 
members of the cartel, each company was allotted a certain per
centage. This arrangement covered all sales of ingot, in the home 
market as well as abroad, except sales in the United States. The 
actual quotas were apparently somewhere in the neighborhood of 
the following: French, 30 per cent; Germans, 27 per cent; Swiss, 
23 per cent; British, 20 per cent. The mechanism of money fines 
for exceeding the proportionate sales quota was not employed. 
Instead, it was agreed that a company which had exceeded its 
allotted proportion of the total sales during the preceding three 
months should purchase from the companies which had sold less 
than their quotas sufficient aluminum to bring the sales of the 
latter up to their quotas. Such purchase was made at the regular 
cartel price, which was determined quarterly. 

The price was fixed for all markets and included transport ex
penses. Except for the fact that the buyer in a country levying a 

-lCarWI R .. MSc:/IQ .. , XXIV. 61S (December 1926). 
• Benni. Ioc:. c:i,., aeveral magazine articles. and persooal interviews. 
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protective tariff on aluminum might be charged the amount of the 
duty,21 aluminum sold everywhere in Europe for the same price. 
Each producer was free, however, at least during depression, to 
make special prices in his own home market to meet particular 
conditions of demand. The exclusive right to sell in his own home 
market was reserved to each producer, but this does not mean that 
he could supply all the metal sold in his market from his own 
plants. On the contrary, in the event that demand increased more 
rapidly in one producing country than in the others, the latter 
were enabled through the quarterly adjustments to participate in 
supplying the former. Since the company in country A would, in 
the course of satisfying the increased demand there, have exceeded 
its percentage of total cartel sales, it would be forced to buy 
appropriate amounts of metal from the other producers at the next 
adjustment date. Thereafter it would, in effect, be acting as sales 
agent for them in its own country.22 

Although this cartel probably strengthened monopolistic market 
control as compared with the agreements which it supplanted, 
competitive forces were by no means eliminated. In so far as the 
quota arrangements were effectively enforced, competition in sales 
of ingot aluminum at home or abroad would not exist. Each com
pany benefited in the proportion fixed by the agreement from every 
sale anywhere - except in the United States - no more, no less. 
Its owners would have exactly the same incentive to develop new 
markets as if they owned a proportionate interest in a single 
monopolistic company equivalent to their percentage quota in the 
cartel. To the extent that the quota arrangement could not be 
rigidly enforced, however, competition could be expressed through 
evasion. It is said that the situation in Norway, where two plants 
were owned by the British, one by the Americans, and two jointly 
by all three producers, always created difficulties in the adminis
tration of the scheme. Apparently the arrangement was, in fact, 
evaded to some extent by some of the companies. Stronger com
petitive elements existed as well. The cartel macle no attempt to 
controlthe price or sales of half-products and finished goods; and 

.. Evidently this provision was not applied in those producing countries which 
had tariffs. 

liThe most striking instance of this happened in Germany during 1927 when the 
Swiss and French were enabled to send in several thousand tons. See Berliner 
Tageblatt, January II, 1928. 
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integrated concerns were free to use as much ingot as they cared 
in their rolling, fabricating, and casting plants. Members of the 
cartel preserved independence as to investment policy. It has been 
said that relative capacity could have no influence in changing 
quotas. Nevertheless, inasmuch as the door was open to un
regulated use of additional capacity when the product was carried 
beyond the ingot stage, and the possibility existed of a breakup 
of the cartel, competition in investment was not altogether ruled 
out. Furthermore, as in every cartel, competition between the 
members was expressed through attempts to influence price policy 
and rearrangement of quotas. 

Other disturbing elements created difficulties. After the installa
tion of new plant on the Saguenay, American sales in markets 
formerly served by the European producers grew markedly. In 
the Orient price competition in the sale of ingot and half-products 
broke out about 1927,23 evidently due in large part to an attempt 
to build up markets for the Canadian metal. It was reported that 
the European producers of half-products had joined together in 
order better to meet the competition of the Americans.24 When 
the depression became serious and stocks accumulated rapidly, it 
was realized that a stronger organization was required to prevent 
a breakdown into outright competition. The first move resulted in 
subjecting the Oriental markets to control. About the beginning 
of 1931 Aluminium Limited and the French, German, Swiss, and 
British companies made an agreement pertaining to the Japanese 
market.2Ii A few months later the British Aluminium Company 
and Aluminium Limited reached an agreement with respect to 
sales in India.28 The European cartel was to expire in the fall of 
1931. During the earlier part of that year Aluminium Limited took 
a prominent part in the negotiations leading to the formation of 
a new cartel, which was incorporated in October as the Alliance 
Aluminium Compagnie of Basle. 

All the European members of the earlier cartel were included 
in the Alliance with the exception of the two new Italian com
panies. Acting apparently under the influence of the Italian gov-

• Kolnisciu Zeittl"f, October 12, 1927, and February 17, 1928; Kartdl RtllIIl-
SCMtI, XXVI, 369 (June 1928). 

• Yera. tkr detltscm I"fertietlr, Nachrichte.., March 19, 1930, p. 13. 
• BMTC appellant v. ACOA, fols. 1160 ff. 
-Ibid., fols. 1169 ff. 
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ernment, they refrained from formal attachment in order to de
velop their business as rapidly as possible both at home and 
abroad.27 At that time the tariff on aluminum ingot was raised 
from 42 pre-war gold lire per 100 kilograms to 260 lire per 100 

kilograms (then' equivalent to an increase from 3.67 cents per 
pound to about 6 cents per pound). The Aluminium Corporation, 
which had never belonged to the cartel, sold out to the Alliance 
in December 1931. The new Japanese company cooperates with 
the cartel. Since Aluminium Limited has at last joined the in
ternational organization, the only important producers left out
side are the Aluminum Company of America, the Russians, and 
the Italian firms. It will be recalled that one of the latter is par
tially controlled by the AIAG and that the other was partly 
owned by the Vereinigte Aluminiumwerke until 1935. The life of 
the Alliance Aluminium Compagnie is fixed at ninety-nine years. 
However, anyone or several shareholders who control 200 shares, 
or one-seventh of the total share capital, may demand dissolution 
at any time upon six months' notice. The fact that 1,400 shares 
were issued when current production of the member firms was 
nearly 140,000 tons per annum suggests that participation in 
stockholdings may have reflected relative outputs.28 If that is so, 
it means that anyone of the five chief firms can dissolve the or
ganization at any time. However, since the cartel was incor
porated in Switzerland, where organization fees are more than 
nominal, and a total capital of 35,000,000 francs was subscribed 
by members, it is reasonable to suppose that the associate com
panies have all made investments sufficiently large to preclude 
capricious desertion.29 . 

Few details of the provisions relating to control of the market 
have been made known.30 An arrangement was adopted for financ-

or Metall und En, xxvm, 536 (November 1931). 
III Figures of participations of Aluminium Limited, the German state corporation, 

and the French have been published. Lack of precise output figures for .these pro
ducers makes it impossible to test the hypothesis suggested in the text. Aluminium 
Limited took between 20 and 30 per cent of the stock of the Alliance (BMTC appel
lant v.ACOA, fol. 860). L'Aluminium Franl;llis apparently subscribed 25 per cent 
of the capital (J. L. Costa, I.e -Role eeonomique des unions intemationales de 
producteurs, Paris, 1932, p. 121). It is reported that the Vereinigte Aluminium
werke took about 11 per cent of the shares (Handbu,h der deutsehen AktiengeseU-
sella/ten, Ausgabe 1934, I, 293). -The authori2ed capital is 65,000,000 francs. 

"The following account has been made up of bits of information drawn from 
various sources believed to be well informed. 
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ing the large inventories of aluminum. Owing chiefly to its lack 
of control of production, the preceding cartel had not exemplified 
the maximum degree of monopolistic regulation of the market of 
which a federated instrument is capable. On paper at least this 
deficiency was evidently remedied by the new agreement, which, 
according to authoritative information, provided for definite regu
lation of all production of ingot aluminum by its members, 
whether for sale or for use at higher stages, through fixation of 
output quotas.81 It is said that relative changes in capacity were 
to have little or no influence upon quotas. Development of a 
new alloy or product, which opens up a new market, has been 
mentioned as the chief criterion for alteration of quotas. The 
possibility of evasion of quota restrictions was reduced by employ
ment of a prominent firm of accountants to make periodic audits 
of the books of each member and check its inventories. In the 
absence of a central sales agency each member was to be free to 
dispose of his contingent where and as he pleased. Sales quotas 
appear to have been adjusted to production quotas. It is under
stood that a uniform price of ingot was to be fixed for all markets 
in which sales were regulated. If the provisions for market con
trol were substantially as sketched here, competition within the 
cartel would appear to be limited to the development of new 
products, alloys, and processes, and to influence upon price and 
quota determination - except in so far as members were led to 
engage in competition in investment through fear of dissolution. 

Evidently the policies of the cartel are, however, subject to 
important modification at the behest of national governments. 
One would infer from the markedly disproportionate increase in 
German production and capacity in 1934 and 1935, and a separate 
price reduction in 1934 in that country, that the German govern
ment simply announced to the other members of the Alliance that 
it must be free from restrictions in meeting its domestic needs as 
it saw fit. Just what internal difficulties this may have engendered 
in the cartel is not known; nor can it be certain that the Germans 
will restrict their new-found independence, if such it be, entirely 
to the home market. Similar policies may be adopted by other 
governments in the future. It is quite possible, of course, for 

• Output at higher atages is evidently Dot CODtrolled except indirectly through 
limitatioD of ingot production. 
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governments to cajole or force domestic private enterprises into 
representing what is conceived to be the national interest, pro
vided that profits do not suffer severely. 

Unless the Germans have decided for complete independence, 
it appears that monopolistic elements have, for the time being, 
been strengthened in all markets of the world. Unified control 
does not indeed extend to all markets. However, excluding con
sideration of the Russians, whose influence in European and 
Asiatic markets in unpredictable, there seem to be four separate 
areas ~ the United States, Germany, Italy, and the rest of the 
world - in each of which market control is in large degree co
extensive with the activities of producers. How long this situa
tion will endure cannot be foretold. The Italian companies seem 
to have been chiefly interested in the domestic market. The par
ticipation of cartel members may earlier have exercised an in
fluence against unregulated exports. One of the Italian companies 
is now apparently free to do more or less as it wishes. It remains 
to be seen whether the Italian government will desire maintenance 
of a large domestic capacity through foreign dumping. It will 
also be interesting to see what use is made of the enormous addi
tion to German capacity if the armament demand .diminishes. 
National self-sufficiency is rarely accomplished completely, and 
necessary imports are often purchased by dumping the product 
of excess domestic capacity. If new aluminum plants should be 
established through government encouragement in countries of 
eastern Europe, the total amount o~ capacity and the number of 
firms ready to produce for tow' (!xport prices might grow to such 
an extent that cooperative market control would become extremely 
difficult. . '. . 

In the years 1929-1931 exports of ingot by the Aluminum Com
pany .of America were negligible. In the following three years 
theY!lveraged about 2,500 tons per year, nearly aU, of which went 
to Japan~ Estimated exports of European producers to the United 
States. have dropped markedly since 1927.32 The evident reduc
tion in imports from European producers during the depression, 
instead of an increase such as occurred in 1908-1909 and 1921-
1922, could be explained by the existence of one or more of the 
following circumstances. (I) It may have been more profitable to 

.. See Table IS. 
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sell for the most part in markets other than the United States. (2) 
The Europeans may not have cared to utilize excess capacity by 
exporting large amounts to this country as they have done in 
former depressions. By facilitating the holding of stocks off the 
market, the Alliance has, of course, tended to diminish exports to 
the United States. An indisposition to sell larger tonnages here' 
might be due to the fear of reprisals threatening both the stability 
of markets outside the United States and the successful function
ing of the cartel agreement. (3) An understanding that European 
producers would not sell any large tonnages here.8s 

It is questionable whether larger European sales in this market 
would not have brought, apart from indirect consequences, 
greater revenues above variable expenses. If differences in the 
list prices were roughly symptomatic of differences in actual sales 
prices on opposite sides of the Atlantic, the average price charged 
declined less in the United States than in Europe.84 It may be, of 
course, that the European producers considered that lower prices 
than those which they actually charged here would have reduced 
the amount by which their revenues exceeded variable expense, 
because they believed that demand would show little elasticity at 
lower prices or because they feared that the Aluminum Company 
would cut below them, thus precipitating a war which would carry 
price down to marginal cost. The latter hypothesis is weakened 
by the fact that the foreigners evidently did cut prices here by a 
few cents without the result of driving them 'way down.8s The 
truth of the former supposition cannot be determined. There is 
some reason to think that demand at lower prices may have been 
less elastic in the United States in 1932, when the depression was 
apparently more severe here than in Europe, but one cannot be 
sure of this. Unless the Europeans felt that, as it shrank, demand 

• Officers of the Aluminum Company have denied that there has been any such 
understanding (BMTC v. ACOA.lMrim). 

-In 1931 and 1932 the list price here exceeded the official cartel price by more 
than the United States import duty. See below. p. 241. During 1930-1932 the 
proportion of total sales of virgin ingot in this country enjoyed hy the foreigners 
leems to have increased somewhat as compared with 1928-1929. although it re
mained below the proportion for 1926-1927. The important question. however. is 
whether revenues above variable expenses could not have been enlarged by much 
greater sales here. 

• BMTC v. ACOA appellant. Exhibits 347-397. Cf. HR. pp. 4. 8. 15. See also be
low. pp. 326 If. 
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became much less elastic on this side of the Atlantic than on the 
other, their failure to test it out with lower prices is hardly to be 
explained on the grounds that their revenues could not have been 
increased in the absence of indirect repercussions .. 

It is clear that the above reasoning applies if metal sold in the 
United States is not counted as part of the output quotas. Accord
ing to testimony given in 1935 by the chairman of the British Alu
minium Company, sales in the United States were not so counted.36 

A moment's reflection will show that the reasoning would be 
equally valid if aluminum exported to the United States were to 
be counted as part of the output quotas. In the absence of an un
derstanding or a fear of reprisals, the output quotas of all com
panies would be sold in the most profitable proportions as between 
Europe and America, and metal sold here would in fact be ex,:, 
empted from output restrictions.3T 

Evidently the Americans have attained a position of greater 
power than they formerly enjoyed. The aluminum .tariff has in 
the past given to the Aluminum Company a large measure of free
dom to plan its own price, investment, and output policy. Un
hampered by quota restrictions; it has not ordinarily had to share 
the American market with the foreigners to any great extent. It 
would now seem that the domestic firm will be even more free to 
pursue its own policies without encouraging imports, unless the 
instrumentalities of market control abroad should be greatly 
modified. At the same time Aluminium Limited has gained a sub
stantial footing in the markets formerly served chiefly by the 
European producers and appears to have become an important 
factor in European aluminum politics. 

In summary, entry into the field of virgin aluminum production 
has never been easy. The" number of producers has remained 

.. BMTC v. ACOA appellant,. fo1. II72 • 

.. If there were 'substantial sales here, and if the quotas had. been set with regard 
to the other markets only, output quotas would almost certainly be enlarged in 
order to permit the most profitable rate of output for the other markets - which 
would be equivalent to exempting metal sold here from the output restrictions. If 
it were profitable to sell large tonnages in the United States, it would seem that (in 
the absence of agreement or fear of reprisals) the total output of Europeans would 
not be restricted to the rate appropriate for sales in markets outside the United 
States, unless the Americans were in a position to dictate to the other cartel mem
bers, or unless Aluminium Limited took a smaller percentage quota in the cartel 
than it could otherwise obtain. 
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small. With the exception of a few enterprises promoted or 
fostered by governments, only two new firms - in Hungary and 
Japan - have been established since 1910 which have remained 
independent of the old companies. In addition, one Italian com
pany has recently become independent. in unprotected market~ 
oligopoly with or without agreements has obtained; in markets 
sheltered by governments the degree of monopolistic control has 
been high. The growth in government encouragement of na
tional monopolies has recently threatened the international co
operation of private producers. Competitive forces have taken 
the form of rivalry in the acquisition of ore and power sites, in the 
expansion of capacity, in the development of new alloys and 
products, in sales in new markets, and, finally, in attempts to in
fluence the determination of prices and quotas when agreements 
existed. Producers of virgin aluminum have enjoyed a greater 
measure of freedom from the compulsion of the "free market" 
and hence more opportunity to plan the relation of investment 
and output to demand than has been characteristic of most other 
industries. Governments which espouse crude theories of laissez 
faire have permitted or encouraged a degree of power over market 
forces which is hardly consistent in theory with a rational 
philosophy of economic liberalism or laissez faire. The next sec
tion will be devoted to an examination of the consequences of the 
various mixtures of competitive and monopolistic forces which 
have obtained in this industry at different times and places. 



PART III 

SOME CONSEQUENCES OF VARIOUS KINDS 
OF MARKET CONTROL 



CHAPTER VIII 

STRUCTURAL EFFECTIVENESS - INTEGRATION 

I. ISSUES AND TERMINOLOGY 

ALTHOUGH explanation of the existence of monopolistic elements 
is often difficult, it is usually a less formidable problem than 
assessment of their consequences. The aluminum industry pre
sents no happy exception to this rule. What we want to know is, 
of course, what have been the actual consequences of existing 
mixtures of monopolistic and competitive forces, and whether 
some alternative mixture could be expected to yield better or 
worse results. In Part III an attempt is made to ascertain the 
consequences of the various mixtures of monopolistic and com
petitive forces which have existed at different times or in different 
places in this industry, and to decide whether alternative com
binations of these elements would have produced more or less 
desirable results. In this appraisal it will be inquired which of the 
alternatives would approach most closely to the ideal results. 

Considerations of effectiveness in production and marketing 
limit the desirable alternatives in most industries to a certain por
tion of the whole range of alternatives between pure competition 
and the type of market control in which monopoly elements are 
likely to be strongest, single-firm monopoly. In the case of alu
minum it is apparent at a glance that pure competitionl has not 
been and is not likely in the near future to be an advantageous 
type of market control. A comparison between the actual results 
of the monopolistic forces in this industry and the probable con
sequences of pure competition would have no significance for 
public policy. To anticipate the results of the analysis of struc
tural effectiveness, the desirable alternatives for the aluminum in
dustry are limited to the monopoly end of the scale. Comparisons 
will need to be made only between the results of single-firm 

I The DeCeSSary coDditioDS for this type of competWoD are (I) a suflicieDUy 
Iarse Dumber of buyers aDd seDers 10 that DO ODe of either can affect price; aDd (2) 
bomogmeity of product. 
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monopoly, simple oligopoly, and oligopoly with different sorts of 
agreement. Wherever it seems possible and fruitful, direct com
parisons will be made between the actual results of the alternat
ing types of control which have existed in Europe, and also be
tween these results and the consequences of single-firm monopoly 
of production in America. However, since the various types never 
operate side by side under exactly the same circumstances, it is 
manifest that the actual results of one alternative must often be 
compared with the hypothetical results of another.2 At the end 
we shall raise the question whether government control of one 
kind or another offers potentialities of improvement in results. 

In their simplest aspects the principal matters at issue between 
the various alternative types of market control are these. (I) 
Effectiveness in production with a given technique of capital goods 
and administration. Unless some reason develops for believing 
otherwise, it may be assumed that the grade of business ability in 
the industry would not depend upon the type of market control 
which existed. (2) Progressiveness, or the discovery and adoption 
of improvements which lower cost, improve quality, or develop the 
adaptation of a basic material to new employments for which its 
inherent qualities make it admirably suited. (3)The relations be
tween investment, output, prices, and earnings; Which alternative 
will bring the closest approach to ideal investment, output, and 
price? Divergence from ideal relations may take the direction of 
underinvestment, or underutilization, with monopoly profits, or 
overinvestment with profits above or below normal. The first 
sort of divergence was emphasized by the older theoryQf mo
nopoly. More recently it has been urged .that in many industries 
monopolistic control is necess~rY for the 'prevention or cure of 
overinvestmeilt, for what I shall call rationalization.3 

The more one reflects upon these matters, however, the greater 
the number of Jnterrelationships which .intrude themselves upon 

• Actually this' is what must be done in nearly ~1I attempts to judge the relative 
benefits of alternative economic arrangements. Usually the alternatives are mutually 
exclusive. Wheresthey happen to coexist at the same time, the controlling con
ditions are usually sufficiently different to require the use of hypothesis. 

• This has to' do with what is usually called "stabilization" in the United States. 
The use of the term "stabilization" is unfortunate because, as usually employed, it 
has implied that it would be desirable to stabilize something or other, usually price. 
Under some conditions stabilization of any element is bad, and under most actual 
conditions stabilization of certain elements seems to be bad. 
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his neat categories. Under the actual conditions of the present 
dynamic world price and output policy is closely linked to invest
ment policy - these are but two aspects of the same set of con
siderations. Further, the investment and price policy of a corpo
ration seems to be the kernel or focal point to which all of the 
various elements referred to in the questions just raised stand in 
important reciprocal relation. The old issue of exploitation 
through restricted output and high price is partly a question of 
restriction of investment. The newer issue of rationalization con
cerns the least wasteful adjustment of investment to changing de
mand, the question of overinvestment and its elimination. While 
the short-run aspects of both of these involve output policy ex
pressed through degrees of utilization of existing investment, short
run policy in itself is always influenced to a greater or lesser extent 
by the past and prospective investment programs - and vice versa. 
The degree of progressiveness may be affected by, and certainly 
has a determining effect upon, the investment policy. One aspect 
of this appears in the fact that the ideal investment will not be 
reached without progressive discovery and adoption of new forms, 
shapes, and variations of the basic product - in the case of 
metals, new alloys especially. The profitableness of the invest
ment and price policy of a given period influences the investment 
policy of the succeeding period, not only in the obvious way, but 
also by making available greater or lesser sums which may be in
vested without going to the savings market. The nature of the 
best structural firm at a given time is also influenced somewhat 
by the past investment policy and its causes and results, while the 
actual structure in existence helps to shape the investment policy 
of the future. 

These close interrelationships, of which those mentioned con
stitute some of the more important, make it evident that a neat 
division of issues into separate categories should not be allowed 
to simplify the picture of consequences. In treating several issues 
separately we must take account of these interrelations in order to 
apprehend as clearly as possible the more important aspects of the 
adjustment of investment, output, price, and demand. 

Clarity in subsequent analysis will be aided by definition of 
terms which recur frequently. The size of a firm may be defined 
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by the size of its output or by the number of units of anyone of 
the factors of production of which it is composed. For the prob
lems ahead it seems most useful to refer to the scale of invest
ment in capital equipment and natural resources.4 As a matter 
of convenience iIi exposition the term "scale of investment" will 
be restricted to the size of investment at one stage of an industry; 
changes in scale will mean horizontal contraction or expansion. 
The terms "economies" and "diseconomies" will be employed to 
characterize only such differential cost advantages and disadvan
tages as are occasioned by a change from one scale to another. 
"Integration" will have its generally accepted meaning of vertical 
combination of operations at more than one stage of an industry 
under a single business management. It will also be helpful to 
have one word to connote both the size of a vertical combination 
and the internal adjustment of scales of production between the 
various stages. For this I have adopted the word "structure." 
The term "rationalization" is often used to connote, in part, parcel, 
or whole, what is deemed by European industrialists to be Ameri
can application of scientific method to business (or should one 
now say what was once so deemed?). It has also been employed to 
mean an ordered adjustment of supply to demand for a whole in
dustry. "Rationalization" will be used here in the latter sense, 
to mean diminishing or preventing waste in the adjustment of 
supply to changing demand. Optimum rationalization will achieve 
the smallest degree of overinvestment consistent with difficulties 
of adjustm~nt incident to technological conditions. In order to 
avoid misunderstanding, the application of this term will be re
stricted to the relation of supply and demand at one stage in the 
industry. Thus rationalization· will concern only horizontal con
trol and not integration. Integration may, of course, aid rationali
zation. "Best utilization" of a given capacity or scale of produc
tion will be used to mean that degre«; of utilization at which 
average cost (including all elements of cost) per unit ~is lowest. 
Maximum. e~ectiveness is obtained by best utilization of the best 
structural firm which can exist with a given state of the arts. 

• Differences in efficiency between firms with different scales of investment are 
obviously not to be explained solely by the latter. In comparing the efficiency of 
two scales it will be assumed that for each scale the factors are combined in the 
most efficient proportions for that scale, and that the sorts of equipment and labor 
appropriate to maximum efficiency at each scale are employed. 
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2. THEORETICAL RELATIONS BETWEEN INTEGRATION 

AND MONOPOLY 

The most economical use of a community's resources will exist 
when production in each industry is carried on by business units 
of the most effective structure. In this chapter and the following 
one we endeavor to determine, as nearly as possible, what is and 
has been the best structure for a firm engaged in manufacturing 
and selling virgin aluminum ingot, and thus to decide whether na
tional or international single-firm monopoly or cartel organization 
has been required for maximum effectiveness in any markets. In 
the absence of adequate quantitative data, which are unobtain
able, much reliance must be placed upon inference from facts of 
which the quantitative importance is known roughly rather than 
with precision. 

The best structural firm is one which, when working at best 
utilization, has a lower cost per unit (including all elements of cost 
to society) than would obtain in the production of any quantity 
of the same good under any other arrangement. Single-firm mo
nopoly can only be advantageous to consumers on this score if one 
business unit is able to produce more cheaply than two or more 
units the total amount demanded at a price equal to cost includ
ing normal returns to all factors of production. Offhand this seems 
to be entirely a question of the economies of horizontal extension 
of control, of the best scale for one stage of an industry. In 
the absence of material advantage from integration, that is so. 
However, when some degree of integration improves efficiency, 
that may indirectly result in justification of monopoly 4. at a stage 
where it could not otherwise be justified. The greatest conceivable 
advantages of integration cannot, of themselves, cause a single 
monopolistic unit to be more effective than two or more firms. But 
it is evident that vertical combination necessitates adjusting the 
scales of investment between stages. If the best scale happened to 
produce at a rate which just absorbed the output of the best scale 
at the next lower stage, and supplied just the right output for the 
best scale at the next higher stage, there would be no problem of 

to Throughout the next few chapten it will often be convenient to abbreviate 
"singJe.firm monopoly" to "monopoly." It should be clear from the context when 
the word is wed in this narrow sense rather than in its broader sense. 
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fitting scales to each other. Where the best scale of any step was 
adapted to produce most efficiently more or less than could be used 
in the same period by the best scale at stages above, when they 
were operating most efficiently, or was adapted to absorb more 
or less than the most efficient output of the best scales below, such 
a problem would exist.5 

If there were an open market in the materials for, and the 
products of, all the stages,S the best structure would include an in
vestment of the best scale at each stage, unless purchase of 
materials from outside markedly diminished any important advan
tages of integration - e.g., that of insuring suitability of mate
rials. But if no open market existed, or if purchase of materials 
would prevent substantial gains from integration, then vertical 
control would involve fitting together scales of investment some 
of which would have to diverge from the optimum. The most eco
nomical adjustment would yield the best balance of advantage 
from vertical control and diseconomies incident to exceeding or 
falling short of the best scales at various stages.7 This might re
quire a monopolistic scale at a stage where, in the absence of ad
vantages from integration, it would have no justification, and vice 
versa.s For instance, the economy of a monopolistic scale in smelt
ing and the advantages of integration might require monopoly of 

• In its simpler aspects this problem resembles that of combining machines of 
differing capacities. Underutilization can be eliminated ,by adjusting the number 

. of each machine appropriately to the lowest common multiple of their capacities. 
• An open market should exist wherever efficiency of converting any portion of 

these goods into other commodities would not be increased by integrated control
i.e., if such operations were carried on by a "different industry" - and also where
ever efficiency would be improved if otherJirms in the "same industry" bought from 
or supplied the integrated concern. ' 

, There might be more than one adjustment which would minimize cost. 
S Mr. John Jewkes's interesting article, "Factors in Industrial. Integration" 

(Quarterly Journal'of Economics, XLIV, 1930, p. 621), appeared when I was begin
ning to think' ibout ,the relation between integration and monopoly. His ideas were 
partly responsible for crystallizing my belief that the relation was important, and 
they 'were he1pfulln suggesting some lines of departure for my problem. However, 
his article seems to be an endeavor to explain the growth of integration and its re
s\llts to the individual vertical firms. Hence he does not need to make the distinc
ti~n between private and social advantage which is essential here. 

In The Structure of Competitive Industry (London, 1931), which came to my 
notice after the main relations discussed in this section had been formulated, Mr. 
E. A. G. Robinson deals with the relations of size and efficiency in terms of 
different sorts of optima and their reconciliation. This type of analysis is similar 
in many respects to that presented, here. ' 
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mining for maximum efficiency in the whole process; or a mo
nopolistic scale in smelting might be justified by the efficiency of 
monopoly in mining plus the benefits of integration. Clearly, mo
nopoly at any stage could not be thus justified via integration if 
any of its product could be more efficiently used outside the inte
grated structure - in "another industry" - or in the opposite 
case, if any of its materials could be more efficiently supplied from 
the outside. Where these conditions did not obtain, there would 
be two possibilities. A monopolistic scale at stage X, justified on 
grounds of economy at that stage, might be matched with mo
nopoly at other stages, where the best scale was considerably 
smaller, with the result that one firm monopolized the whole out
put at all stages. Or smaller scales at the other stages might be 
complemented by a smaller scale at stage X, and production 
divided between two or more firms. The first result would be the 
more likely the larger the proportion which the cost at stage X 
made of the total cost of the final product, the greater the dis
economy of a scale at that stage below the most efficient, and the 
smaller the diseconomies of exceeding the best scales at other 
steps. The latter result would be the more probable when the cost 
at stage X would be a small part of total cost whatever scale were 
adopted there, and the diseconomies of exceeding the best scales 
at other stages were marked. Finally, when integration brings 
substantial advantages the abilities of management should be dis
tributed between horizontal and vertical control in the most effec
tive way. A monopolistic scale may not be warranted which would 
be desirable in the absence of gains from the extension of control 
vertically. Without laboring the point further it is clear that inte
gration may sometimes bear an important, if indirect, relation to 
monopoly" 

3. INn:GllATION IN THE ALUlIINUK INDUSTRY 

The remainder of this chapter will be devoted to an examina
tion of the advantages of integration and an assessment of their 

• It Deed IaanDy be mmtioDed that integratioa oftm stands iD other IdatioD
sbipI to IDOIIOpOIy wbicIl are quite important fot' the strategy of business - as 
_ Ibcnna in Chapa. VI aDd VU - aDd must be understood if we are to haft 
intefJjgad IIOCial control. Pwdy strategic advan~ of iDtegratioa do Dot am
um the ddermiDatioD of the best stJucturaI IIIIit as here defiDed. 
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importance in the aluminum industry.lo In the following chapter 
horizontal economies and the problem of combining the best scales 
in an integrated structure will be considered. 

As they realistically occur under dynamic conditions the more 
important possible cost advantages of a change to integrated 
organization of production and marketing may be classified as 
follows: (I) a closer and less wasteful coordination of require
ments between successive stages; (2) the location of plants at 
points which are, for the particular industry, more favorable 
(because of transportation or production advantages) than the 
locations already used or likely to be used in the given economic 
conjuncture; (3) the imposition, at one or more stages, of a more 
effective scale of investment, or more efficient technique; (4) the 
promotion of rationalization at one or more stages; (5) the initial 
extension of able business management to the control of more than 
one stage, or the imposition of more able management than that 
already in control. The first class of advantages may be elabo
rated in this way.ll By integration the suitability or reliability of 
raw materials, and, indeed, materials at each stage, may be im
proved for the. specific purpose of the next higher stage. Also, 
where much effort is devoted to marketing between stages when 
they are independent, integration yields a· distinct saving. The 
traditionally emphasized gain from greater regularity in the flow 
of materials through the various stages,. or to put it more ac
curately, better quantitative adjustment to .the requirements of 
succeeding steps, needs no more. than mention. This possibility 
applies also, of course, to the provision of capital equipment as 
well as materials. Savings from elimination of unnecessary opera
tions may also be included here. 

It frequently happens that the existing equilibrium or conjunc
ture has placed independent plants producing .at one stage of an 
industry in locations which are not the most economical from a 
transpo~tation or production point of view for the industry in 

10 The reasons for extended treatment of a matter which is but indirectly related 
to monopolistic elements are: (x) its relationship to monopoly has been neglected 
by most students; (2) integration is of considerable importance in the aluminum 
industry, and it is not difficult to confuse some of its advantages with those of 
horizontal expansion. 

11 Some of the following ideas are found in J. M. Clark, Studies in the Economics 
of Overhead Costs (Chicago, X923), pp. x36-x4I. 
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question. Especially is this likely to happen if the plant is pro
ducing materials for several other industries also, or if the in
dustry with which we are now concerned has in its development 
relocated its own plants (i.e., plants at stages other than the one 
not yet controlled through integration). Futhermore, it may occur 
that lack of knowledge or indisposition to assume the risk of tying> 
up altogether with one industry, particularly if the latter is in the 
pioneer stage, will preclude establishment in the best locations un
less it is done by integration. 

The third class of advantages concerns improvements in the 
technique of capital equipment or processes and, equally im
portant, improvements in the technique of administration, or 
scientific management in the broadest sense. Betterments of either 
type may be so radical as to constitute "improvements in the arts," 
or may consist in the adoption of more or less well-known appli
cations of general principles or techniques to the particular pur
pose of the industrial operation concerned. Opportunity for the 
imposition by integration of "improvements in the arts" of capital 
or administration probably exists only when a given stage has had 
conspicuously unenterprising management, unless changes have 
been or can be developed by persons associated with the com
pany contemplating the acquisition of vertical control. With such 
a condition it is quite conceivable that the potential improvement 
would not be translated into actuality except by integration and 
that it would become the dominant motive for such a move. The 
opportunity to impose lesser improvements by integration is un
doubtedly more widespread and may exist wherever management, 
without being inept, is none too alert, well-informed, and ambi
tious. Where the operating firm is typically smaller than the best 
size, extension of vertical control may close the gap. Further, 
when the firms at a given stage are in a demoralized condition 
owing to serious overinvestment, integration may aid in rationaliz
ing the adjustment of supply to demand at that stage. 

The last type of advantage which may be gained by integra
tion overlaps all the others. There may, however, be additional 
savings which are not included in any of the other classes. The 
initial extension of able management to more than one stage will 
clearly be advantageous to the point of best utilization of the busi
ness ability involved. An important qualification is that the "ex-
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cess capacity" of the management may be more advantageously 
used in expansion of the single plant or in horizontal extension. 
Furthermore, the problems of the various stages may differ so 
widely in nature that the utilization of "excess capacity" through 
any integration 'would result in lessening efficiency. Although the 
efficiency of the business unit might be increased by placing under 
control of a given management double the amount of factors in 
the same stage, it might be increased less or even diminished by 
adding the control of any factors engaged in the very different 
work of another stage. This qualificatioIl also holds when it is a 
question of the imposition of more able management upon a 
stage where less able management is already in command. On 
the other hand, vertical control may present much greater pos
sibilities for specialization and coordination in administration (the 
true advantages of "full utilization" of business ability) than are 
promised by the extension of horizontal control. To some ex
tent at least, the types of specialized abilities which are included 
within a given managerial group will depend upon the relative ad
vantages to be gained by using this or that sort of ability in the 
kind of work to which it is best adapted. 

The advantages of integration in the aluminum industry may 
not be comparable to those found in the steel industry, but they 
are undoubtedly of substantial importance. The chief gains seem 
to be those relating to the suitability of materials, the adjustment 
of requirements, and the location of plants. Chemical analysis 
determines the composition of different bauxites and hence the 
use to which they are best suited., Perhaps the mining and grad
ing of bauxite by an alUIJlinum' ~ompany results in enhanced 
suitability of the material used in the alumina plant. Preparation 
of its own alumina aids greatly in insuring thereductioIl of metal 
of high quality, fOI\ the purity of the aluminum tapped from the 
reduction furnace depends almost entirely upon' the purity of the 
aluInin~in oxide fed into the furnace. Any metal elements con
tained in the oxide will also appear in the aluminum because they 
are less difficultly separated from oxygen. Since the purity of the 
metal is of controlling importance for many uses an aluminum firm 
can hardly afford to entrust the quality of its alumina to the dis
interested efficiency of an independent concern.12 The same may 

11 All of the important aluminum firms possess their own alumina works. 
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be said of the advantage in manufacturing its own carbon elec
trodes and furnace linings. Impurities in these will appear in the 
aluminum or interfere with the efficient functioning of the elec
trolyte. Furthermore, the butt ends of used electrodes may be 
added to the mix from which the new electrodes are produced., 
The saving in this regard may amount to 10 to 30 per cent of 
the total electrode consumption.18 

Closely connected with the foregoing, although probably of 
less importance, are the savings incident to elimination of market
ing between the various stages. The fact that specifications are so 
important means that in the absence of integration buying would 
involve constant testing. The amount of effort spent in this 
activity is undoubtedly somewhat less in the integrated company. 
Although integration may bring some saving in the elimination of 
"sales effort," on account of the grading of materials and half
products it is doubtful if this kind of gain is large in the aluminum 
industry.a 

Ownership of power by an aluminum producer results 'in better 
coordination between this stage and others. With or without inte
gration the power cost of making a pound of aluminum will be 
large because of. the very great energy consumption (something 
like 10-15 h.p. hours for each pound of metal). One of the most 
substantial savings from vertical control proceeds from adjusting 
the operation of the reduction celIs to the generation of a base 
load at the power plant. Two sorts of gain accrue. The cost of 
equipment for providing a base load is less than that of the facili
ties of a plant which must handle peaks of various sizes. And best 
utilization of equipment is not possible for most plants which sell 
power - that is, for the sort of plant from which the aluminum 
producer would have to purchase.1G In order to utilize generating 
equipment most efficiently it is imperative to assure regularity 
of the flow of materials for the reduction process. Ownership of 
bauxite mines, alumina plant, and electrode factory not only re
duces the uncertainty of obtaining material when it is required, 

.. Anderson, Tile Metallu,gy 0/ A.luminium, p. 122. 

U Bauxite and alumina are graded according to chemical composition. Ingot 
aluminum is graded on the percentage of pure aluminum contained; sheet and wire 
are graded by the B. and S. gauge, and 10 on. 

"It may be objected that a power company would be willing to generate and 
seD its whole output to an aluminum producer. But see below, p. 185. 
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but obviously enables a less wasteful scheduling of production and 
flow in adjustment to the base load of power. 

Carrying production through the stage of semifabrication, and 
to that of finisb,ed goods in the instance of wire, castings, cooking 
utensils, and other manufactured articles, may bring some gains 
of the same sort. Since these stages succeed the reduction process 
it would seem at first sight that the gains might not be nearly so 
great.· But any activities at the later stages which aided in regu
larizing demand would tend to enhance the regularity of the re
duction process. The more direct knowledge of the consumption 
markets which is likely to result from integration may help, at 
least, to bring about a nearer approach to the best schedule for 
the power plant and reduction works permitted by the state of the 
market. By enabling better planning of the flow of materials, ver
tical control of operations at several stages should diminish under
utilization, not only of the costly power plant, but also of equip
ment and labor at the other stages. 

In addition to savings from adjusting reduction to a base load of 
energy, ownership of power sometimes eliminates the necessity of 
converting from alternating to direct current. Purchased power 
usually arrives in the form of alternating current wh~ch must go 
through converters before use in the reduction cells. If the hydro
electric plant is owned, and the reduction works situated close by, 
direct current generators may be employed which feed the energy 
directly into the cells. Transforming from high voltages to low is 
also avoided if the two plants are adjacent .. Most of the aluminum 
companies have secured savings of this sort at some locations. 
However, these gains are not always possible, for many power 
sites are not close to suitable plant and town sites, and frequently 
the reduction plant uses only a part of the power generated or 
needs interconnection with an adjacent alternating current system 
to assure a steady load. Frary and Edwards say that the more 
COnu:ilOD arrangement at the larger plants is to generate alternating 
current.18 

One of the most conspicuous advantages of integration occurs 
in situating power plants at locations which, considering all 

:Ill Aluminum Industry, I, 31!r320. See also T. J. Bostwick, in Transactions, 
World Power Conference, 1933, II, 323 fl. In the United States only the N'lllgara 
FaDs and Massena works use D. C. generators. 
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relevant factors, are the most economical for the aluminum in
dustry. We have seen that cheap power is of vital importance for 
cheap metal and that an aluminum producer will use a large base 
load of power. The sites capable of developing power at the 
cheapest cost fall into three classes in relation to aluminum. Som~ 
would be uneconomical because large transportation expenses on 
raw materials and finished or semifinished goods would more than 
outweigh the cheapness of energy. In America the water-power 
sites in the state of Washington will probably be in this class for 
several years. Many other sites, such as Niagara Falls, which 
develop power at a very cheap cost, can sell it at rates which 
include a substantial segment of economic rent, owing to the 
existence of a demand from many industries and municipalities.IT 

Lastly, there are others, well located with respect to aluminum ore 
and markets, for which there is no general public demand suffi
cient to make their development profitable. It is these sites, which 
are out of the way of industrial and population centers, that pro
vide the most economical power for aluminum reduction.18 This 
seems to present an instance where an industry must integrate in 
order to have operations carried on at the most economical loca
tions. It is exceedingly doubtful whether the best sites for alu
minum would be developed by independent enterprise which 
would have to assume, in large part if not entirely, risks con
nected with this one industry.18 In any event the other savings 
from joining the power and reduction stages render it more eco
nomical for an aluminum producer to develop his own power. The 
resort to out-of-the-way sites for cheap power is exemplified in 

It Even after public regulation of electric rates has been imposed, much rent is 
included in the charges. Some portion of its capitalized value is usually injected 
into the valuation at the time when regulation is first imposed, and subsequent 
revaluations usually reflect in some measure the growth of demand by their con
sideration of "present value." 

.. This is explained as follows by one of the representatives of the Aluminum 
Company. "Our plants are located primarily or solely from the standpoint of 
where there is power available, and we must realize that in practically every case 
they must be in those districts where there are no large public utilities taking off 
power, or power is too expensive. We must have cheap power, so that except for 
•.. our plants in Niagara Falls, our plants are in small communities, what might 
be termed out-of-the-way communities" (FrC Docket 1335, Record, p. 3188). 

• The Duke development on the Saguenay seems to be the exception which 
proves the rule. The aluminum industry may develop and use there far more power 
than would have been utilized (even if developed) for many years hy anyone else. 
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the unsuccessful attempt by the Aluminum Company to develop 
the Long Sault section of the St. Lawrence. Even at the present 
time this site seems to fall in our third class - among those ad
mirable for aluminum but for which no general public demand 
exists.20 Since the war the Aluminum Company has developed 
power in Tennessee and Canada for which no other demand was 
likely to arise for many years. The British Aluminium Company 
early resorted to Norway for cheap energy. The advantages of 
developing out-of-the-way power sites have markedly reduced the 
proportion of total cost ascribable to energy. While the Aluminum 
Company was using Niagara Falls current alone, power expense 
accounted for nearly half the cost of production.21 Since then the 
part of total cost made by energy expense has been progressively 
lowered until at present it is probably not more than 20 per cent 
'at most plants.22 

Much of the most economical bauxite is also situated in out-of
the-way places. As in the case of power, this might not be used 
at all if it were not mined by the aluminum producers; or it might 
not be mined as efficiently by outside enterprise, as will be ex
plained in the next paragraph. 

Integration in the aluminum industry may also bring advan
tages from the maintenance of better scale units, more effective 
technique, and better rationalization at some stages. Both the 
scale of investment and the type of equipment used in bauxite 
mining were doubtless improved by integration in several in
stances.23 Maximum efficiency in the exploitation of bauxite re
sources located in the less industrialized, less wealthy areas could 
be achieved today only through integration. The same may be 
true of rationalization. Similarly,' experience suggests that owner
ship of alumina and electrode plants' is necessary for the greatest 

"See the survey of Sanderson and Porter, dealing with markets for this energy, 
contained in'The St. Lawrence Navigation aml Power Project (Washington, 1929), 
by H.:G.Moulton, C. S. Morgan, and A. L. Lee. 

''''See J .. W. Richards, in Aluminum World, VIII, 257 (October 1902). 
D The energy required per ton has also been reduced somewhat. 
'. Concentration of deposits in Arkansas invited steam-shovel stripping of the 

overburden and mechanization of transport between pits, crushing mill, and drying 
apparatus. The Aluminum Company of America has probably developed the 
Guiana deposits more efficiently than would have been done by local enterprise. 
The same may doubtless be said of the operations of the Bauxit Trust in Hungary 
and Jugo-Slavia. 
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economy at those stages wherever efficient plants have not yet de
veloped to supply a substantial demand from other industries. 
Possession of rolling mills and castings plants has resulted in the 
discovery and application of improvements which might not have 
been introduced as soon had these units been separately owned/u 

Advantages of the sort mentioned in this paragraph would cer
tainly be of much less importance than those mentioned earlier 
if it were not for the great possibilities of coordinated research 
which views the problems of the various stages in their related 
aspects. Improvements of all sorts are likely to be more significant 
when the research staff understands the problems of all the stages, 
and sets its tasks in the light of the possibilities suggested by a 
broad view of the whole process and the interrelations of the 
various steps. The history of the introduction of the more notable 
alloys and final products shows that one-stage fabricating firms or 
independent inventors make important discoveries and adapta
tions of this sort. But it is questionable whether the range of 
variations would be enlarged as much by competition of this sort 
as by rivalry between several integrated enterprises.25 

Finally, the very different operations of the several stages in the 
production of aluminum offer opportunity for specialization of 
management. An integrated firm can make use of particular 
ability for coOrdinating the administration of several phases of a 
whole productive process. Indeed, the exercise of such specialized 
ability is a requirement if the other advantages of integration are 
to be obtained. Vertical control probably enables specialization 
in the supervision of relations between stages in greater degree 
than would be advantageous if such relations took the form of 
market contacts. 

In summary, the decisive advantages of vertical control in the 

-III 1907 the Aluminum Company of America erected a "continuous" sheet 
rollin, mill at New Kensington. At this time continuous rolling was confined to steel 
and tin plates, so it seems JikeJy that the introduction of this improvement would 
have been retarded if the rolling of aluminum had been left to firms which rolled 
brass IIIId copper. (See JlelDl luas1r1, VI, 40 January 1908.) III 1909 the Alu
minum Castings Complllly built a new foundry in Detroit which was laid out in the 
"unit 1)'Slem" IIIId was said to be the "1argest, best equipped. and most up to date 
in the world" (ibid., VIII. 162, April 1910). Recently one of the most modem job
binc aad foundries in the world bas been installed at Fairfield, Connecticut, and the 
6nt blooming and structural mills for aluminum have been erected by the Alu-
minum CompllllY. -Below, Chap. XV. 
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aluminum industry have been, and are, provision of the most eco
nomical power, neat adjustment of investment and output between 
the various stages ---,. particularly adjustment to the steady ca
pacity of the po",er plant - and assurance of satisfactory quality 
in the materials for the reduction process. These gains are made 
possible by and require the use of special coordinating ability on 
the part of some managers. Evidently a high degree of efficiency 
ordinarily requires as a minimum bringing under one managerial 
control the preparation of alumina, electrodes and furnace linings, 
the generation of energy, and the reduction operation. Under 
some conditions ownership of bauxite enables some reduction in 
cost. Accumulation of reserves of ore and power sites has, of 
course, been occasioned in large part by considerations of tactical 
advantage. Extension of control beyond the reduction process by 
bringing into the organization various branches of the semifabri
cating and finishing stages may afford appreciable benefits. The 
economical limits. to extension in this direction will be set by the 
possibilities of increasing efficiency through extending administra': 
tive control horizontally at the alumina, power, and reduction 
stages. Vertical control of these three stages at least is imperative. 
The problem of achieving the best balanced structureJ which is 
considered in the following chapter, involves the best utilization 
of business ability through the extension of control horizontally, 
vertically, and laterally - i.e., over the making of commodities 
other than aluminum which are produced with aluminum or elec
tric energy or both - in such· a way that its marginal product is 
the same in each direction. . 



CHAPTER IX 

STRUCTURAL EFFECTIVENESS - HORIZONTAL EXTENSION 
AND INTEGRATED BALANCE 

THE next step is to ascertain whether there is any stage of this 
industry where the best scale of investment has been so large as to 
be monopolistic. If this condition has not obtained in the past it 
cannot do so in the future (barring a fall in demand) without some 
substantial change in capital or administrative technique. The 
best scale of horizontal control is determined by the limits of econ
omy in extending the size of the single plant or of the combina
tion of plants. It changes with improvements in capital technique 
and the technique of management, and varies with different grades 
of business ability; and it grows with the increasing "capacity" of 
a management group as the members mature in the problems of 
their business. While it is impossible to fix definitely the best 
scale for a firm in this or that industry at any time, or to fore
cast its future alterations, nevertheless in many instances approxi
mate limits may be set with some assurance. The problem of the 
present chapter requires the comparison of the best scale with 
the market. Maximum effectiveness would require monopoly at 
any stage only if the output of the best scale would meet the whole 
demand at prices which just covered normal costs. The best scale 
may be determined by the most efficient size for a single plant 
or by the economies of combining plants under one managerial 
control. It will be useful to distinguish between plant economies 
and economies of combination. The basis for classification is not 
the type of economy, for many of the economies of combination 
are of the same nature as those of the other class. The ultimate 
limits upon the economy of combination are set by the develop
ment of techniques of administration which permit management 
to administer larger aggregates of economic resources efficiently 
because they enable better utilization of the latent capacities of 
business men. 

The relation of the best scale of investment to the market de-
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mand does not, of course, remain fixed in a dynamic society. This 
aspect of the monopoly question is often realistically presented as 
a race between the growth of demand and improvements which 
enhance the ecop.omical scale.1 What is the situation in this re
spect in the aluminum industry? The best scale for the single 
plant at several stages will be examined first, after which the ques
tion of economies of combination will be raised. 

Examination of the best scale for the reduction plant need not 
detain us long. Electrolytic reduction of aluminum by the Hall 
process gives no opportunity for the use of large, specialized units 
of machinery or for extensive specialization of supervision. The 
process is a simple one operated with simple equipment. 

A striking feature of electrolytic and electric furnace processes is that they 
are usually demonstrable on a small scale, and that the industrial application 
consists simply in multiplying indefinitely these small units . . . the produc
tion of aluminum is purely an electrolytic operation, one in which the output 
is proportional to the number of amperes of current used.2 

There appears to have been no fundamental change in process or 
equipment since the beginning of the industry.3 The quantity of 
current which it is feasible to use in one aluminum cell determines 
that the best size of the individual cell be relatively smalJ:i The 
output of the largest pots employed is probably not more than 350-
450 pounds of metal a day. Hence large production is obtained 
through the multiplication of cells. A typical reduction plant con
sists of several pot rooms, each with one or more rows of from 
thirty to a hundred cells, depending on the voltage which is best 
suited to power conditions. UnitS 'of labor are easily proportioned 
to units of capital equipment in a reduction plant, so that about the 
same amount of labor per unit of output must be used in a large 

1 In some of the industries where the trust problem first presented itself the 
growth of demand in the United States has apparently so far outstripped the best 
scale of production under very capable management that there no longer seems to 
be any doubt, that single-firm monopoly is not required for the greatest effective
ness; however' this may have been in the earlier years of this century - e.g., oil, 
steel, tobacco. 

• J. W. Richards, Aluminum World, VIII, 131 (April 1902). 

• Cf: Guillet, L'Evolution de 18 metallurgie, p. 66, and HaskeU v. Perkins, Record, 
p. 1673. 

• The upper limit to the amount of current used is given as about 30,000 amperes. 
This limit is set by the increasing difficulty of changing anodes and breaking in the 
frozen crust as the size of the cell increases. See Aluminum Industry, I, 302. 
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plant as in a small one. The same is generally true of energy re
quirements, which are, of course, unaffected by the scale of the 
reduction works:! Often several small pot rooms are employed 
rather than one large one in order to stimulate rivalry between the 
workers of each. Whatever economy this occasions would, of 
course, be available to a fairly large plant as well as a very large 
one. The reduction plant seems to present a clear instance of broad 
limits within which unit cost would vary hardly at all due to 
change in scale.8 Actually the best size for a reduction works is set 
by the considerations which determine the practicable amount of 
power to use at a given location. The same is broadly true of elec
trode and furnace lining factories. 

What then determines the best size for a water-power develop
ment? It is certain that the very large powerhouse is more eco
nomical than a lesser scale, owing to the greater economy of giant 
turbines and generators. The matter is not so simple with the dam, 
waterway, and storage basin. A very large investment can always 
turn the materials of nature into a more effective steel works than 
a much smaller one, and the variations in design of two great steel 
plants are not numerous. But a very large investment in water
power development at some sites would not yield as cheap energy 
as a smaller investment at other places. This is due to the ex
tremely wide variation in "site characteristics," such as size of 
head and flow, degree to which discharge can be controlled by stor
age, nature of the foundations and valley where the dam is built, 
and the nature of the penstock 10cation.'1 Usually it is these nat': 
ural conditions which play the dominant role in deciding the cost 
of hydroelectric energy. A study of seventeen hydraulic develop
ments varying in horsepower from 1,000 to 85,000 and in head from 
2 I to 1050 feet 

indicates, as might be expected, a general tendency toward a lower cost per 
horsepower as head and size of plant increase. The site characteristics are a 

• The savings in consumption of power and labor have come from improvements 
in electrical apparatus and in design and operation of cells rather than from larger 
reduction plants. 

• This conclusion has been verified in conversations with several persons connected 
with the industry. 

'See H. K. Barrows. Water Power Engineering (New York. 1927), p. 252. Cf. 
also J. D. Justin and W. G. Mervine. PO'IlJer Supply Economics (New York, 1934), 
chap. Vll. 
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more dominating feature, however, and wherever the cost of dam or waterway, 
or both, is high, the cost per horsepower of the plant will be high, irrespective 
of cost of powerhouse and equipment." 

It has been explained that the scale of the reduction plant will 
be determined by the scale of the power plant. Hence monopoly 
might be justified on the score of effectiveness if development of 
sufficient power at one site to satisfy the whole demand for alu
minum would bring a lower cost of producing ingot than when en
ergy was generated at more than one site. But if such a site existed, 
it would still be necessary to inquire whether the national economy 
would be best promoted by allocation of it to the aluminum indus
try. From what has already l;Ieen said of the development of the 
several national monopolies, it is clear that (at least since the war) 
none of them can be justified on the basis of large-scale economies 
in power; unless, indeed, any of these firms was prevented from 
obtaining such a superior site. Each of these companies has, in 
fact, developed power at several different sites.9 The Aluminum 
Company of America is the only one of the large producers which 
has ever attempted to concentrate all its reduction operations at 
one site. The Long Sault section of the St. Lawrence would have 
furnished sufficient energy to meet the demand for aluminum for 
some decades. Nevertheless it has probably been a wise policy 
to prevent the use of this power by the aluminum industry, for 
at some time in the future a general public demand will probably 
arise for it, and it will be worth more to the public in other forms 
than aluminum, which can be produced with power that would 
otherwise not be used.tO It sec::ms most probable that maximum 

"Barrows, op. cit., p. 626. 
• Given the actual development, monopoly could not be justified by the existence 

of a site at which the total output of the existing plants could be more cheaply pro
duced unless full cost per unit at the one site (including the maximum rent offered 
by alternative uses of that power) would he lower than marginal cost with the 
existing plants. 1. The most economical arrangement would probably have been to allow the 
alumipum industry to use some of this power under a contract permitting govern
ment purchase whenever a sufficient general demand for the energy should arise. 
But the uncertainties of prognostication, and the probability that the initial type of 
development for aluminum would have to be scrapped, because not in accord with 
the best plans for developing the section as a whole, would very likely have pre
vented agreement upon terms satisfactory to both the government and the Alu
minum Company. 
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effectiveness at the power and reduction stage has not for many 
years required a monopolistic scale except, perhaps, in countries 
with very small demand, such as Italy and Spain. But it may be 
concluded that the best structural firm will possess a hydroelectric 
development which is likely to be fairly large, and which will in 
any case have a favorable combination of site characteristics and 
cheap transportation. Both the number of dams and the number of 
powerhouses will depend upon the site characteristics, which thus 
determine indirectly the number and size of reduction plants, each 
designed to utilize the full base load of energy from one or more 
power plants.ll 

In the conversion of bauxite to alumina there is much oppor
tunity for mechanization.12 The Bayer process, which is in general 
use at this stage, is a complicated method involving digestion of 
the ore under pressure with caustic soda, filtration to remove the 
"red mud," precipitation, calcining, and cooling. Large tanks 
keep the materials in solution for about two days, and an elaborate 
pumping and piping system conveys the solution from one step in 
the process to another. Very great requirements of steam for 
digesting, and heat for calcining and evaporation allow the em
ployment of large boilers and rotary kilns. But after a plant has 
become large enough to utilize fully the best size and type of boil
ers, kilns, and pumping system, further enlargement results only 
in duplication. A plant producing but 10,000-15,000 tons a year 
(which would yield roughly 5,000-7,000 tons of aluminum) will 
have many rather than several digesters, precipitation tanks, and 
filter presses, several boilers, and one kiln.1B Thus a much larger 
plant would not seem to be required for a correlation of the ca
pacities of mechanical units at successive steps in the process such 

U H productioD of other elec:trochemical products is UDdertaken, as in Europe, 
the plant for aluminum redUctioD will, of course, be somewhat smaller thaD the 
,we suitable for the maximum load. 

• InformatioD UPOD operatioD at this stage has heeD obtained chiefly from Alu
",mlllll lrulustry, I, chaps. m and V; a descriptioD of the SaIindres plant in E,.. 
,meeriag, CVI, 163 fl. (August 16, 1918); and a personal visit to one plant . 

.. In 1918 the Salindres plant, which produced about 12,000 tons of oxide a year, 
had 10 autoclaves (digesters), 24 precipitation tanks, 2 batteries of boilers, 1 rotary 
kiln, and 1 cooling drum. Neither the account of the operatioD of the Bayer process 
Biven in Al-m- lrulustry, Dor personal ObservatiOD at a plant much larger thaD 
the Sa1indres works, suggests that there have since occurred any changes in equip
_t which would alter markedly the proportions Indicated In the text. 
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that underutilization may be almost eliminated.a According to 
one authoritative opinion enlargement beyond the scale designed 
for an output of fifty tons of alumina a day (I5,000-I8,000 tons 
per year) brings no savings in cost of capital equipment per unit 
of output, and offers very little opportunity for economizing labor. 
Labor costs amount only to about IO per cent of the final cost of 
alumina, of which the cost of materials - bauxite, soda, coal
makes up a large part. It appears that cost would not vary appre
ciably on account of differences in size between factories designed 
for fifty tons a day and those producing several hundred tons 
a day. 

Both the large-scale savings and the limitations upon them are 
illustrated by the number of alumina plants in operation. The 
two companies in France operated thirteen reduction plants in 
I930, but only three or four works making alumina. In Germany 
the Vereinigte Aluminiumwerke has but one oxide factory, while 
the Swiss concern has three alumina works and four reduction 
plants. The two English companies cooperated for many years 
in the manufacture of alumina. The Aluminum Company of 
America has never operated more than one plant; but, in so far as 
the above conclusions are correct, few if any savings would be 
foregone if it had several. Since two to two and one-half tons 
of bauxite must be used to produce one ton of alumina (which in 
turn yields only one-half ton of metal), transportation expenses 
absorb an appreciable part of the cost of the oxide. In I9I6, after 
the acquisition of its Guiana ore properties, the company began 
the erection of a large oxide pla~t at Sollers Point on Chesapeake 
Bay. This plant was never completed, since it was found that the 
pressing war demands could be filled more expeditioUsly by enlarg
ing the East St. Louis facilities.15 But an alumina plant at this 
location is contemplated for the future. In the absence of any de
cisive ch~nge in the capital technique of alumina I?urification, the 
past atid present plans of the company for a tidewater plant, when 
considereq With the foregoing analysis, may be taken as additional 
evidence that the limit of productive economy at this stage is 

:u Professor Myron W. Watkins has theoretically explained the better correlation' 
of productive capacities from enlarging the scale of production. See Industrial Com~ 
binations and Public Policy (New York, 1927), p. 54. 

'"BR,p. II7. 
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attained long before the present size of the East St. Louis works 
is reached. Apparently there are no substantial economies or dis
economies with enlargement to a scale producing several hundred 
tons a day. It follows that considerations of plant effectiveness at 
this stage have not required monopoly in America since the date 
of patent expiration; nor in the more important producing coun
tries of Europe at any time since the last few pre-war years. Evi
dently the size of those plants which produce alumina by a "dry 
process" in an electric furnace may easily be accommodated to the 
amount of energy aval}able for this purpose at a given site. 

The possibilities of large-scale operations in bauxite mining de
pend in the first instance upon the degree of geographical con
centration of deposits. Where the ore beds are confined in a small 
area, as in Arkansas and some parts of southern France, operation 
by a single company would obviously avoid duplication of crushing 
and drying equipment, rail connections, and so on, but it is mani
fest that these savings would not bulk large. The drying facil
ities are simple, and on account of the large amounts of clay in 
all bauxite deposits, hand methods of mining which combine shov
eling and sorting are the most economical.1S At this point it be
comes apparent that from bauxite to ingot there is no stage at 
which the economies of the best-scale plant have, for some time 
past, necessitated monopoly in order to exert their full force upon 
the cost of aluminum. 

The relation of plant effectiveness in the semifabricating and 
finishing stages to monopoly may be quickly disposed of. Plainly 
monopoly at the ingot stage could not be required indirectly 
through advantages of integration unless large plant economies ex
tended so far in most of the higher branches using large amounts 
of ingot that a nearly monopolistic scale would be best in each 
of them. In Chapters XVIII and XIX reasons are shown for 
belief that relatively small-scale production in castings and uten
sils is quite economical. In all the important producing countries 
of Europe and America there are several plants in each of these 
branches. The most economical scale for a rolling mill is some
what larger!' But the experience of the Aluminum Company of 

"Ttuill_/-wn. SIII'WY. C-16 (1921). p .... 
• A much less wasteful utilizatioD of the capacities of rolls, shearing machines, 

aDDealiDc fumaas, aDd 10 forth. em be secumI in a large mill. ODe substantial item 
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America indicates that the best scale is not so large as to offset 
the advantage of having sheet mills located at the reduction works 
or close to markets. This company rolls sheet at Alcoa, New 
Kensington, Niagara Falls, and Edgewater, New Jersey. In 1925 
there were twenty-eight rolling mills in the German Aluminium
Walzwerksverband,18 while Switzerland boasted eight mills in 
1929.19 Although some mills may be adapted for somewhat dif
ferent products the evidence indicates that the economical size 
of plant in this branch has fallen short of a monopolistic scale, 
except perhaps in the case of the new 'hard alloys,' demand for 
which is probably still in its infancy. Evidently single-firm mo
nopoly has not been required for maximum efficiency in the manu
facture of most products from ingot except, perhaps, when they 
were quite new. 

Elements of. effectiveness incident to horizontal combination of 
plants in one business unit may be conveniently divided into (I) 
economies in production and transport, (2) economies in market
ing, (3) savings in administration. It is doubtful that combina
tion would yield any significant economies in production, as 
distinguished from administration and marketing, at stages below 
semifabrication. It might seem that combination would result 
in less underutilization of resources used in the preparation of 
bauxite and alumina, since the aggregate power fluctuations at 
several sites might be of lesser amplitude than the variations at 
one site. However, in so far as fluctuations at individual sites could 
be predicted, as they probably could be, within broad limits at 
least, the high utilization of resources at other stages could be 
accomplished by individual firms through variation in inventories. 
Secondly, there is no opportunity for specialization of plants at 
stages preceding fabrication. Finally, the steady pace of the re
duction plants, ordinarily interrupted only during depression, 
minimizes the possibility of savings' from concentrating fluctua
tions of production in one of several plants.20 

of economy & in cutting down on the expense of changing rolls; the large mill really 
'consists of several "mills" with different-sized rolls. 

18 Aluminium, VII, Heft 16, p. II (August 31,1925). 
U Schweizerische Betriebsziihlung, August 22, 1929 . 
.. This economy has been rather glibly bandied about in the literature on com

bination. There are good reasons for holding it suspect, not the least of which is 
that the one trite example of the sugar trust is repeatedly cited. If this saving is to 
be gained through a reduction of capital costs, less costly capital units must be used 



EXTENSION AND BALANCE 197 
Specialization of plants in semifabrication undoubtedly brings 

some savings. The Aluminum Company of America has one wire 
and cable factory at Massena, a rolling mill for the strong alloys 
and "Alclad" sheet at Alcoa, and the new fuiII for making bloom~_ 
and structural shapes at the former location. About 1928 a special 
mill for rolling, drawing, and working the strong alloys was erected 
by the AIAG at Chippis. The Germans also have a special alloy 
mill at Bonn. At present additional rolling or blooming mills for 
the strong alloys might represent wasteful duplication even in the 
United States, where consumption is much larger than in any 
country of Europe. But if the great future predicted for aluminum 
in building should materialize, there would, of course, be room for 
other mills. Furthermore, it need hardly be said that the most 
effective structure for an aluminum producer does not need to 
comprehend all varieties of products. 

The hackneyed saving which combination may bring through 
the elimination of cross freights can be transferred from the text
book to the account book only if the best scale of plant is so large 
that more than one plant for each market area would involve the 
sacrifice of efficiency.2! For many years the demand for sheet in 
the United States seems to have allowed enough efficient rolling 
mills so that three or four firms could each have operated one or 
two mills without much, if any, reSUlting increase in transport 
cost. In Europe, where intensity of demand is greater per square 
mile, savings in cross freights in this industry are probably of 
negligible importance. It is obvious that horizontal combination 
in the important finishing branches can bring no marked manu
facturing or transport economies. 

to carry the peak and suffer the various degrees of idleness. In some industries, this 
would he impossible; in others such units could be attached directly to the other 
plants Instead of being segregated in one plant, and this might lower the managerial 
costs. Perhaps there might he a significant saving in labor through a lessening of 
the costly item of turnover; but there is also the possibility that marginal direct 
costs would he lower with two plants operating than with one. 

• It might seem that this economy could always be secured because the size of the 
market area tributary to each plant could be made that which would keep the plant 
busy without invading a market tributary to another plant. But the extent of the 
market in any geographical area is not determined by the square miles of the region 
-whereas freight rates are determined partly by mileage-but rather by the number 
of purchasers and their intensity of demand. Obviously, if the extent of demand in a 
fairly small geographical area is great, the savings in cross freights would be 
negligible. 
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The foregoing analysis leads to the conclusion that unless hori
zontal economies in marketing or administration have been 
substantial, maximum efficiency has not required single-firm mo
nopoly in the leading markets in Europe or America at any stage 
of the aluminum industry, with the exception of a few branches of 
semifabrication and finishing. It is evident that conclusions about 
these two sorts of economies, particularly those of extending ad
ministrative control, are difficult. The earlier chapters have por
trayed the encroachment of aluminum npon the well-established 
markets of the older metals. Since this invasion has been strongly 
resisted by the producers of the older metals and by the forces of 
ignorance, inertia, and habit, selling expenses have always been 
high. The development of the strong alloys will have to make its 
way in many fields (aircraft is a notable exception) where these 
forces are even stronger than in some of those which aluminum has 
already captured. Under such circumstances the opportunities for 
combination to effect a substantial saving in advertising and other 
sales expenses would not appear to be marked, unless there is rea
son to think that each of a few firms would spend large sums upon 
sales campaigns designed to attract business from the others. 
With regard to standard products whose quality is easily tested, 
such as ingot, sheet, and cable, each of a few firms might refrain 
from any such campaign because of a belief that it would pro
voke similar expenditures by the others with no other result than 
an increase in expenses all arotind.22 In so far as this was so, 
there would be no sales expenditures of the sort which clearly 
could be saved by combination. If the few firms did engage in 
wasteful advertising again&t· each other the appropriate remedy 
would be an agreement upon a code of economic selling practices. 
Merger for the sole purpose of eliminating wasteful advertising 
may betonsidered in the same category as marriage to avoid 
expens(ve hotel dining. Combination might, indeed, reduce the 
expenditures on advertising of competing differentiated alloys or 
forms of the basic product, but perhaps at the expense of reducing 
their variety unduly.23 . 

Economy from the extension of managerial control over larger 
aggregates of labor and capital depends upon the opportunities for 

.. See Chamberlin, The Theory 0/ Monopolistic Competition, pp. 150, 170 • 

.. Cf. below, p. 347. 
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better utilization of managerial abilities and for specialization in 
administration and upon the feasibility of coordination.24 Both 
vertical and horizontal extension may afford opportunities of in
creasing the efficiency of the firm through increasing the efficiency 
of management, and both require coordination if such savings are 
to be realized. For the sort of operations which present little op~ 
portunity for specialization in management, enlarging the scale 
of investment results first in utilizing the management better, 
and thereafter in multiplication of the number of "fully utilized" 
managers. Sooner or later increasing difficulties of coordination 
will cause higher unit cost. 

What can be said of the question of increasing efficiency of 
management by horizontal extension of control at the several 
stages of the aluminum industry and by vertical extension, and of 
the best balance between them? The nature of the industrial and 
marketing processes in this industry suggest that opportunities 
for specialization in administration are quite limited at most of 
the stages. Mining and preparation of bauxite, manufacture of 
electrodes, generation of electric energy, and electrolytic reduc
tion are all very simple processes yielding simple products. They 
cannot be broken up into a great variety of operations, as can the 
manufacture of automobiles and of many kinds of machinery. 
No amount of specialization can appreciably alter the energy 
required to reduce a pound of metal or the amount of transporta
tion from the mines to the smelting plants. Much the same may be 
said of nearly anyone of the fabricating and finishing branches, 
considered by itself. At each of the stages the limits of special~ 
ization seem to be reached with a few managers. Owing to the 
simplicity of operations, however, these few can evidently admin
ister a fairly large aggregate of resources just as efficiently as a 
much smaller one. The conclusion must be that beyond the point 
where further specialization of managers fails to increase efficiency, 
the scale of investment at each of these stages may be enlarged to 
a great extent without appreciable effect upon unit cost through 
increasing or decreasing efficiency of management. While the few 
managers are becoming better utilized unit cost will diminish but 

• Specialization may be considered as one way of better utilizing the abilities of 
business men. Upon economies of large-scale management d. D. H. Robertson, 
Tit. COlltrol o/lruJust" (New York, 1923), and Chamberlin, op. cit., Appendix B. 
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slightly because the total cost incurred for management is small; 
with the addition of more administrators unit cost will remain 
constant for.some time because the work of coordination remains 
relatively simple. Although the Bayer process of preparing alu
mina is more cqmplex than the work of other stages, it does not 
seem sufficiently complex to induce a high degree of managerial 
·specialization. 

Wide opportunity for specialization in productive and market
ing operations is presented when several branches of fabricating 
and finishing are brought under one administration. The most 
efficient degree of specialization in the work of developing new 
forms, alloys, and products, and in direction of the personal selling 
organization 25 cannot be used by the very small firm. However, 
a firm which is much smaller than some of those now operating . 
can specialize upon the manufacture and progressive variation of a 
few products rather than many. The success which the European 
concerns have shown in these departments, as exhibited by new 
products and alloys and by the growth of consumption, seems to 
compare favorably with the results in America, and it is by no 
means certain that a firm needs to be as large as the French and 
German companies to achieve these results. There is no reason to 
think that maximum economy would require monopolization of 
all fabricating operations by a single firm. 

As far as the preceding considerations go it now appears that 
at every stage' of this industry there is a wide range within which 
unit cost is not appreciably affected by the scale of investment. 
Two important corollaries are evident. The scale of investment at 
the several stages can be easily fitted into an integrated structure 
without incurring substantial economies or diseconomies unless 
the firm is very small or very large. With a given state of the 
arts,effectiveness would probably not differ markedly whether 
the scale of investment at each stage were monopolistic or were 
considerably smaller than that. Hence, the relative desirability of 
oligopoly and single-firm monopoly must be tested largely on other 
grounds, Since the conclusions reached here with respect to single
finn monopoly apply a fortiori to agreement and cartel organiza
tion, the desirability of the latter must also be determined upon 
other grounds. The conclusions summarized in this paragraph have 

• Printed advertising is given over partly to outside specialists. 
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probably been justified by the conditions obtaining in all except 
the smaller markets of the world for some time past. 

Considerable coordination is required by extension of control 
over several fabricating branches and also by integrated control 
of several stages below, which, as we saw ·in the last chapter, is 
necessary for maximum efficiency. Sooner or later as control is ex
tended horizontally at all stages the difficulties of coordinating 
the work of direction of operations at all stages will grow. This is 
so because the number of contacts or relations between members 
of the administrative forces of the several stages will be in
creased. After a point they will probably increase in greater pro
portion than the growth in investment. Since a larger "amount" 
of coordination cannot be obtained simply by adding more busi
ness men, extension of horizontal control at all stages must at some 
point bring diminishing efficiency. It is impossible to ascertain· 
whether any of the existing aluminum firms has expanded hori
zontally beyond the point where a marked drop in efficiency begins 
to express itself through rising unit cost or a poorer quality of 
product or service. Should demand continue to expand rapidly in 
the future, however, it is plain that the present firms will not be 
able to grow indefinitely year after year at a corresponding rate 
without injuring efficiency, unless improvements in the technique 
of administration or equipment occur. The powerful position of 
the established firms not only makes it impossible to infer from 
the lack of new entrants that they are not yet too large for maxi
mum efficiency; it also suggests that newcomers may not enter 
until the older concerns have gone some distance along the path of 
increasing cost. 

One of the other issues between the different types of market 
control is progressiveness. Some of the foregoing analysis has 
suggested the artificiality of separating the two issues of effective
ness and progressiveness, for the degree of progressiveness may be 
related to the size of the firm as well as to any differences in incen
tives, afforded by the several types of market cQntrol, to discover 
and apply improvements which reduce cost, better quality, or 
widen the range of adaptations of the basic product. Integrated 
research on the problems of the various stages may, as we have 
noted, bring advantages. The question here concerns the best 
size for that part of the research organization devoted to the prob-
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lems of each stage. At what point do the advantages of greater 
specialization and increased contacts between minds of different 
make-up and training cease to be significant? We need the opin
ions of those who know most about research as to the relation be
tween the horizontal size of the research organization and its 
productive results. 

The analysis of these two chapters will now be summarized 
briefly. The most economical structure for an aluminum firm has 
always required vertical control of several stages. It must include 
the cheapest possible power as determined by the best balance of 
site characteristics, large-scale development, and transportation 
expense. It does not seem probable that horizontal expansion be
yond a point reached many years ago by the leading firms yields 
any substantial increase in effectiveness, although it does not soon 
tend to raise unit cost. This conclusion is substantiated for the 
past decade by the statements of officials that cost reductions have 
been due chiefly to technical improvements in cell design and oper
ation, and the like. It appears that there is a wide range of scales 
of investment at all stages within which unit cost remains approxi
mately constant. Thus there is no difficulty in fitting together an 
integrated structure composed of efficient scales at all stages. 
Continued horizontal expansion, which is, of course, necessary to 
maintain monopoly power as demand increases, encounters dimin
ishing efficiency sooner or later, however, because of the growing 
difficulties of vertical coordination incident to more numerous 
contacts between stages. 

It seems unlikely that the cost of producing aluminum in the 
United States would have differed markedly in the last twenty 
years or so had there been three or four business units instead of 
one, unless the rate of progressiveness had been much less.26 

In Europe, where there are several small, cheap water powers, the 
existence of two or three times the actual number of the leading 
companies might not have increased cost much, if any. But the 
existence of a large number of firms would have resulted in much 
lower efficiency. Oligopoly and single-firm monopoly are the de
sirable alternatives. 

This conclusion would have· been nearly as evident twenty-five 
years ago as it is now. Unless there was reason to believe that 

"This matter is discussed below, p. 348. 
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single-firm monopoly in this industry would give a higher rate of 
progressiveness or would bring no net disadvantage, all things 
considered, there was no economic reason for permitting it to exist 
even at a time when it was temporarily justified from the stand
point of structural effectiveness. For in the actual world, competi
tors do not spring up full grown (especially in an industry of this 
nature) when economists say, "Presto," even where government 
agencies exist for the purpose of protecting them from trial by 
purse rather than efficiency . 

• on: 
It wu with much reluctance that I fi.naIIy decided, during my original study of 

the American monopoly, to abandon several attempts at quantitative measurement 
of changing effectivmess with expansion which, I had hoped, could he used to sup
plemeut the analysis given in this chapter. The difficulties which seemed insuperable 
were partly the lack of data and partly the presence of too many factors which 
haft eurted a real but imponderable inJIuence. 

FIgUres of aftrage cost of production for ingot in each year from 1920 to 1925 
appeared in the Benham Report. As would he expected, they reflected the inflation, 
depression, and succeeding pickup of business at a lower pna: level Cost figures for 
the years 1925-1931 were computed in the Baush litigation. It is not clear whether 
they are comparable with the earIier figures, and it is known that they were affected 
to some undetermined ertent by improvements in apparatus. It is impossible to 
compute a aeries of cost figures from data on ingot output and prices and earnings 
because the amounts of earnings from the sale of ingot alone are not distinguished. 
Even if we had a continuous cost series, conclusions about changing effectiveness 
relatift to expansion would require precise information upon all other inJIuences 
which had affected cost. A lower apparent rate of earnings upon capital investment 
in the post-war decade as compared with pre-war yean can he explained by several 
facton other than decreasing effectiveness, as will he shown in a later chapter. 
Professor Watkins suggests (/rulllSeri4l COffIlmtatUnu mul Pllhlk Polk" p. 136) that 
when mum to capital makes an increasing part of "value added by manufacture" 
this indicates an mhanced rate of progressiveness an1ess the use of monopoly power 
explains the increase. Wbeu monopoly power is appredable, such increase might 
also reflect economies of horizontal expansion or of more effectift integration. We 
should like to know the results of this test applied to the Aluminum Company, 
even though the interpretation might be difficult. But the Census Bureau has never 
published "value added by manufacture" for aluminum ingot production. A usable 
substitute for this figure could be computed by multiplying a moving average of 
ingot production by a simiIar type of average ingot price, upon the grounds that 
the amount of ingot carried through Iater stages wu wortb the market pna: to 
the company. But it is not known what part of the earnings come from saIes at 
the h.iPer stages. The change in the ratio of earnings per dollar of capital to earD

iDp per pound would be meaningless in the absence of precise measurements of 
chan&a in proportion of capital invested in the finishing stages and in idle reserves 
of power and bauxite. Many other difficulties might be mentioned, but enough has 
beaa said to show why precise quantitative study of the problem was not feasible; 
for much the same reasons it has not beaa practical in the case of the European COD
_ either. A large amount of statisW:aI data appearing in the Baush litigation 
.au to be of dubious nJue to the economist for a variety of reasons. 



CHAPTER X 

INVESTMENT, PRICE, AND DEMAND-INTRODUCTORY 

I. ISSUES 

THE next few chapters present an examination of questions con
nected with the relations of investment, output, prices, earnings, 
and demand. In this chapter a discussion of the nature of the 
issues involved will be followed by a description of certain impor
tant conditions of supply and demand in the aluminum industry 
and consideration of some features of the aluminum price struc
ture. 

What we wish to know are the actual relations of investment, 
output, prices, earnings, and demand under the. types of market 
control which have existed from time to time, and whether alter
native types could be expected to approach more or less closely the 
ideal relations. The ideal relationships would exist when new in
vestment equaled the largest amount which. would show an ex
pectancy of normal earnings 1 on the average over a period of years 
during which such an output was produced at every point of time as 
could be sold at prices equal to marginal direct cost; and when out
put was in fact regulated at all times so as to equate price and mar
ginal direct cost. Divergences in either direction from these ideal 
relations are equally bad. In the one case the excess increment 
of resources is invested where it has less value to consumers as a 
whole than in some other employment; in the other case invest
ment is restricted to an amount less than the ideal, with the result 
that a certain increment of resources must be invested in another 
industry where its social value is less, if it is invested at all. The 
terms "overinvestment" and "underinvestment" will be used in 
this book .tomean divergences from ideal investment. Under-

1 Normal earnings may be conceived as the returns which tend to be earned in 
those "industries" where entry is no\ appreciably hampered by barriers of any 
sort and where the products of the various firms are not effectively differentiated by 
any device, such as brand, trade-mark, or advertising slogan, the attractive power of 
which cannot readily be duplicated. 
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investment enables prices greater than average full cost, includ
ing normal earnings, and hence profits above normal. With over
investment price may be above, below, or just equal to average full 
cost, depending upon the particular quantitative relationships 
existing and the degree of underutilization. If price is set equal to 
marginal direct cost under conditions of overinvestment, it will 
necessarily fail to cover average full cost. 

Under certain conditions the adjustment of investment to chang
ing demand will involve underutilization of capacity 2 even though 
no mistakes are made in estimating the movement of demand and 
no unpredictable changes in demand occur. In other words single
firm monopoly or oligopolists would, under certain conditions, plan 
to keep in existence greater capacity than they expected ordi
narily to employ at the rate of best utilization; or would find un
derutilization more profitable, under other circumstances, than 
operation at the rate of best utilization, as intended. Anyone of 
the following conditions might occasion underutilization persist
ing over several years. ( I) The introduction of more efficient 
equipment before the retirement of older facilities. If the entry 
of new firms were relatively easy, new instruments would be put 
into operation whenever they promised to produce at an average 
full cost below the expected price. With effective barriers to entry, 
oligopoly would produce the same result in so far as it appeared 
that some oligopolists would be unable to follow the lead of others 
within a short time. A monopolist similarly protected would have 
no incentive to introduce new appliances before older instruments 
had worn out, except when average full cost with the new would 
be less than marginal direct cost with the old. The ideal relation
ships are represented by an equilibrium in which price tends to 
equal average full cost of production with the more efficient equip
ment best utilized, and in which underutilization of older facilities 
is at a minimum.' Such an equilibrium should not be considered to 

• Throughout the analysis of the next several chapters estimates of ingot capacity 
In physical terms will be used as well as monetary figures of investment. Lack of 
lnformatioD makes it impossible to discover the rates of output corresponding from 
time to time to .best utilizatioD of the investments of the several companies. It 
__ probable that the estimates of capacity in terms of rates of productioD per 
year bear some approximate relatioD to best UtilizatiOD of investment. 

• In other words, an equilibrium such that the older equipment is used up to the 
point where marginal cost is equal to the average full cost with the more efficient 
facilities when they are best utilized. 
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exhibit any overinvestment; the true social value of the older 
equipment is equivalent to a capitalization at the normal rate of 
earnings of what it can return in that equilibrium. In so far as 
investment is not written down to such a figure there will be an 
appearance of overinvestment, while as long as older instruments 
are not retired there will be underutilization of existing capacity, 
although not of capacity which is truly economic. Manifestly, in
troduction of more efficient equipment may occur more rapidly 
than is consistent with the ideal equilibrium, with the result of true 
overinvestment and underutilization. (2) Strategic advantage 
from accumulation of large idle reserves of materials. (3) Such 
pronounced "lumpiness" of capital instruments that for many 
years the growth of demand is not sufficient to permit best util
ization. (4) Conditions of diminishing cost for the individual firm 
such that the rate of output which best utilizes any given scale of 
investment A can be produced at lower average full cost with a 
larger scale than scale A. This situation would obviously exist 
through a range of output within which the average cost curve 
of some larger scale lay below the average cost curve of some 
smaller scale at every point. It would also exist as long as the 
average cost curve of some smaller scale was intersected to the 
left of its point of best utilization by the average cost curve of 
some larger scale. Long-run underutilization would not neces
sarily occur, however, when any rate of output between zero and 
the rate x which best utilized a given scale A could be produced 
more cheaply with scale A than with any larger scale, even though 
some rate of output greater than x could be made with a larger 
scale at lower unit cost thalt the cost of x with scale A. 

But if entry into the field is quite unrestricted long-run more or 
less permanent overinvestment and underutilization may develop 
with this last type of diminishing cost, or with long-run constant 
cost combined with considerable lumpiness. Hence another set 
of circumstances leading to under-utilization is found in (5) a 
combination of unrestricted entry and cost conditions which would 
not in themselves induce a larger scale of investment than it was 
ordinarily intended to operate at about best utilization. When the 
permanent existence in the industry of capital and enterprise in
vested by newcomers has not been considered by the old firm, or 
firms, in' formulating their investment policies, the most profitable 
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program for all may involve operation at less than capacity. When 
entry is quite unrestricted the result may be pronounced overin
vestment combined with normal competitive profits, high prices, 
and a large degree of underutilization of equipment.4. However, if 
entry is unrestricted it may well happen that the original incum
bents, realizing the impossibility of obtaining any profits above 
normal, will decide to invest and operate the ideal amount of 
capacity! It is when entry is not impossible but is opposed by 
considerable barriers that the holders of the field may be inclined 
to act as if outsiders will not intrude or upon the hope that incur
sion can be summarily quelled. Under such conditions, in so far as 
newcomers do become well-established, the result is quite likely 
to be moderate profits attended by high prices, overinvestment, 
and underutilization of existing capacity. The condition of under
utilization will only endure, of course, if the idle equipment is so 
specialized that it cannot easily be turned to the production of 
other commodities which will yield some surplus over direct costs. 
With highly specialized capital and considerable uncertainty 
shrouding the prospects of new competitors, the condition of un
derutilization may exist continuously for many years during which 
investment may be less than, equal to, or greater than the ideal 
amount, while profits exceed or remain below normal returns. 
Furthermore, the course of events may revolve around a vicious 
circle without ever proceeding along a stable path. If monopoly 
or oligopolists restrict investment farther than is necessary to 
prevent or cure overinvestment, high profits may attract new
comers whose entrance creates overinvestment. On the other hand, 
monopoly may, of course, eschew extra profits and attempt to 
keep in existence the ideal investment with more success than 
competitors would have. 

Finally (6), a monopolist or an oligopolist may decide to create 
overinvestment continuously over several years and underutilize 
it, with the purpose of building up an industry, or some part of it, 
more rapidly than would otherwise be accomplished. Such a 
policy may be based upon strict commercial calculus with the 

• See Chamberlin, 01 cil .. pp. 104 If. 
• Such a decisiOD might be influenced by other motives, such as a wish to be 

boWD as lraders of a dominant linD, a desire to develop an industry in a particular 
.. y. and the like. 
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expectancY'that present sacrifices will be recouped in the long run; 
or it may proceed from other motives, such as the desire to be 
considered the leaders of a basic industry, preoccupation with 
the development of engineering technique, and the like. 

The foregoing considerations indicate that ideal investment 
may be created without being best utilized, that underutilization 
mayor may not represent exploitation, and that the fact of under
utilization of existing physical capacity is no proof of true over
investment. Each situation must be analyzed to discover the 
elements responsible for it. . 

With effective barriers to entry neither a monopolist nor oligop
olists would have any reason connected with rational profit cal
culus, except those noted under (2), (3), or (6) above, to follow 
a policy of long-run underutilization of capacity if they operated 
under long-run constant cost or diminishing cost of the third type 
explained above - the condition in which some larger scale of 
investment B can produce more cheaply some amount greater 
than the number of units which best utilizes a smaller scale A, but 
cannot produce as cheaply as scale A any amount of output from 
zero to the number of units which best utilizes scale A. Under 
such circumstances the issue of long-run exploitation involves only 
the question whether investment has been restricted to less than 
the optimum amount with the result of prices which yield high 
profits. We have noted that underutilization mayor may not 
represent exploitation. It is now evident further that best utiliza
tion of the capacity in existence constitutes no proof that exploita
tion is absent, for existing capacity may be far less than the ideal 
amount. 

Furthermore, it is evident that long-run rationalization - the 
prevention or cure of overinvestment - of which so much has 
been heard recently, does not operate upon a different plane' from 
monopolistic restriction of investment for purposes of exploitation. 
These constitute merely two aspects of the relations of invest
ment and demand, and the benefits of rationalization may be mixed 
in varying degree with the disadvantages of exploitation. 

When restriction of output below the rate which best utilizes 
capacity is undertaken as a long-run policy, it will also charac
terize the short-run adjustment, of course. In the absence of long
run underutilization, curtailment of output in order to maximize 
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profits may occur when a contemplated increase in demand does 
not materialize, when new knowledge about the state of demand 
indicates that a smaller output ~ould be more profitable, or when 
the degree of monopoly control is enhanced j but it is not likely to 
continue as a long-run policy (except under the conditions already 
discussed) if the demand schedule is moving ahead. Short-run ra
tionalization may also involve temporary reduction of output. 

Later analysis will be clearer if the nature of ideal output and 
ideal investment is theoretically examined somewhat further. In 
general, ideal output is that rate of output for which price is equal 
to marginal cost. In ¢e short run marginal cost includes only 
those items of expense which vary with short-period changes in 
output - items which are commonly referred to as direct or prime 
costs. With large changes in output over a long period nearly all 
elements of expense become variable.· The marginal cost incident 
to a substantial change in output which requires the enlargement 
of capacity will include the cost occasioned by the additional equip
ment, as well as direct expense for labor, materials, and so on. 
Under conditions of constant cost long-run marginal cost will be 
equal to average full cost. With diminishing cost long-run marginal 
cost will, of course, be less than average full cost of all units pro
duced until the most effective scale of investment is best utilized. 
Hence, in a profit-economy business men cannot in general be ex
pected to sell goods at a uniform price equal to marginal cost as 
long as they are in the stage of growing up to the best scale.' 
These principles, familiar to economists, occasion no difficulty. 
It is otherwise with the nature of the demand to which investment 
should be properly related. 

As usually explained, the essential theorem of economics, that 
with a given set of demands in a community the particular alloca
tion of resources which gives equality of marginal products in all 
uses will best meet those demands, says merely that investment in 
each industry should be ideally adjusted to the actual effective de
mand of the present or near future. If we could take the position 

'The reader who is unfamiliar with cost theory may consult J. M. Clark, Studies 
ill .IN 1!.eOllOftJiU 0/ Overhead Cods. Professor Clark's term "differential cost" 
refel'1l to the concept here called marginal cost. 

'This seems to be another way of expressing part of the reason for Professor 
Pigou'. proposition that the allocation of resources would be improved by granting 
bounties to industries operating under conditions of increasing return. 



210 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

that the aim of economic activity 8 should be merely to meet in the 
most economical fashion demands as they happened to be; if, in 
other words, demands as they chanced to exist might be regarded 
as given data, the matter could be left without further discussion. 
If we are really interested, however, in maximizing the satisfac
tions obtainable (with a given distribution of income) from scarce 
resources, we must inquire whether any wants which could be bet
ter or more cheaply satisfied with products already developed, or 
with variations of these, are in fact being more expensively or less 
satisfactorily supplied because consumers do not have adequate 
knowledge of the relative qualities of alternative goods or because 
a basic product is not being adapted to many uses for which it 
would be better fitted than something else. A concept of ideal de
mand to which investment should be properly related would be 
useful. 

One would like to say that ideal demand for a commodity would 
depend upon perfect knowledge of the true cost-utility ratios be
tween it and all other commodities. This would not, however, be 
a useful concept, because the prices of many commodities do not 
equal their costs, and because neither the acquisition and spread
ing of true knowledge about the properties of a good nor_ the devel
opment of variations of a basic product is costless. The ideal de
mand curve will here be defined to represent the amounts of a 
commodity which would be demanded at various prices at any 
particular time, given the prices and forms of other commodities, 
if resources had been expended in acquiring and imparting true 
knowledge about the commodity, and in developing all possible 
variations of it, up to the point where the full costs of those re
sources were just returned.9 Ideal demand for a. commodity may 
be said to reflect the choices which consumers would make if, in 
addition to the possession of the incomes, preferences, and knowl
edge which they would have apart from the- activities of its pro
ducers, they were provided with true information up to the point 
where the expenditures on this account would just be repaid; and 
if they were confronted with all the possible-variations of the prod-

"Not the only aim from a broad sociological standpoint, of course. 
• Not necessarily returned immediately. Resources sbould be devoted to these 

uses in so far as their present value in these uses is no less than their present value in 
any other employment. " 
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uct - in composition, alloy, form, or other property - for which 
the costs of development would be fully returned. Although the 
position of the ideal demand curve at any time cannot be precisely 
defined, because it depends partly upon adaptations of understood 
principles of composition, design, and so on, which have not yet 
been made, and discoveries not yet achieved, the concept repre
sents something of significance.· If it is important that every 
commodity be pushed into all possible uses up to the point where, 
at a demand price equivalent to its average full cost, including ex
penses of true advertising and of developing variations, it ceases 
to have any net advantage over substitute or alternative goods, 
then the social worth of the various alternative types of market 
control for an industry is to be tested partly by their relative suc
cess in pushing effective demand closer to ideal demand, and in 
bringing into existence and operating an investment which ap
proaches the ideal investment appropriate to ideal demand. 
Existence of ideal investment with respect to actual effective de
mand at any time is desirable, but it is also important that effective 
demand be moved ahead to coincide with ideal demand, or, in other 
words, that it be pushed as far forward as can be accomplished 
economically. The same amount of monopoly net revenue10 might 
be earned under different types of market control, one of which 
would maintain a larger investment and output than the others be
cause more aggressive cultivation of markets had moved effective 
demand closer to ideal demand than the position which it would 
have assumed under the other alternative types.ll 

• From the long-run standpoint monopoly net revenue means the excess of ag
gregate receipts over aggregate costs of production, including normal earnings as 
defined above . 

.. Critics have objected to the concept of ideal demand as here defined upon the 
ground that it is indeterminate, since the position of the curve is made to depend 
partly on IOmething not yet known. (In so far as the curve is determined by ad
vertising known truth, the criticism does not apply.) With respect to discoveries of 
principle, the curve does depend upon something not yet known. Resort to the 
familiar simplified distinction between discovery of new principles and adaptation 
of known principles in new fields suggests that the position of the ideal-demand 
curve would be determined to a substantial extent, however, by activities which 
could be achieved without anything that might be considered in any important 
&elISe to constitute discovery of new knowledge. As commonly used, the concept 
of the most effective scale of production or investment assumes that known general 
principles of technology and organization will be adapted for particular applica
tion. I hesitate to limit ideal demand to determination by advertisement of existing 
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2. SOME CHARACTERISTICS OF SUPPLY AND 

DEMAND CONDITIONS 

The relations of investment and demand in the aluminum in
dustry have not been complicated by numerous striking innova
tions in process and equipment. The Hall-Heroult electrolytic 
process has not been replaced, nor does it appear to have under
gone substantial variation.12 Adoption of "dry processes" of 
preparing alumina, the efficiency of which is still in question, has 
been limited to a few new plants. Alterations in equipment at the 
stages from bauxite through ingot seem to have taken the form of 
minor improvements, with the exception, perhaps, of some im
provements in apparatus at the alumina stage. 

Evidently the individual aluminum firm has operated, since 
the earlier years of the industry at least, under conditions of long
run constant cost or diminishing cost of the type with which no rate 
of output up to and including that which best utilizes any given 
scale of investment is produced more expensively with that scale 
than with· a larger one. Hence it appears that maximization of 
profits has not required continuous maintenance of idle excess 
capacity. The history of this industry indicates that entry has not 
been easy. Growing overinvestment and underutilization as a re
sult of continuous entry of newcomers has not been a feature of 
significance. 

During the post-war years the strategic investment of the lead
ing firms in reserves of ore and power has grown appreciably. A 
study of the relations of investment and demand requires con
sideration of the question whether these idle holdings, which 
do not represent current capacity to produce aluminum, should 
be regarded as a part of current investment. 

The adjustment of capacity to changing demand must often be 
somewhat jerky in the aluminum industry, because of the length 
of time required to create new capacity, some "lumpiness" of 
capitlll instruments, and the perplexing uncertainties of demand. 

kno~iedge and adaptation of known principles, because business men appear to act 
upon tbe belief that expenditure of resources will yield discoveries of new utility
giving properties and new principles for product variation, and it is highly impor-
tant tbat tbey should do so. . 

U Above, p. 190. 
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A description of the first two elements is contained in the follow
ing paragraph. 

The first period of time which is usually required in building an hydro
electric plant is the time required to get together the various necessary prop
erties. For instance, in this group of properties to ·which I referred yesterday 
on the Little Tennessee River, it was necessary for us to acquire something 
over 5,000 separate titles. When you consider-like buying a right-of-way 
- it is necessary to acquire continuous strips on both sides, one is always 
confronted with the fact that certain properties take a long time to acquire, 
properties that are in the hands of minors, etc. It took us, I suppose, five 
yean to acquire properties on the Little Tennessee River. Mter the property 
is acquired, four or five yean are required for the building of the ordinary 
hydroelectric development. The expense varies in this country now from 
$150 to more nearly on the average $200 per horsepower, so that a project 
with an installed capacity of 50,000 horsepower costs about $10,000,000. Our 
Cheoah property cost us over $10,000,000. It is the very large amount of 
money involved and the great length of time entailed that makes it impossible 
in the aluminum business to have a productive capacity follow along after 
the demand, rising and falling as the demand rises and falls.'" 

It should be noted that the passage quoted refers to an initial 
acquisition of power sites. Once the riparian rights necessary for 
an extensive development, such as that of the Little Tennessee 
region, have been acquired, this potential capacity may in many 
instances be brought into existence by several stages. The time 
factor is cut to the number of years required to complete a dam 
and power plant. Recently this seems to have averaged about a 
year less than the period indicated in the statement. Since the 
war the larger holdings of potential energy in the form of power 
sites have tended to reduce the time needed to bring fresh capacity 
into operation. When a power plant is underutilized by existing 
reduction facilities, capacity can be enlarged within about a year 
by expanding electrolytic plants and equipment at lower stages. 
Many of the European power developments used for aluminum 
have been so small as to occasion very little unevenness in the ad
justment of investment to demand. In some instances the sig
nificance of the time element or of "lumpiness" may be lessened 
by purchase or sale of power. It is impossible to generalize with 
respect to the extent and significance of these two supply charac
teristics, beyond saying that they have often exercised some ap-

.. Testimony of an officer of the Aluminum Company, FTC Docket 1335, Record, 
p. '14- Cf. 8llllual reports of the Compagnie AFC in the last teD years. 
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preciable influence upon the relations of investment and demand. 
Everything depends upon the characteristics of particular power 
developments, the opportunities for purchase or sale of power, and 
the rapidity with which demand moves forward. 

At all times 'during the life of the aluminum industry it has 
probably seemed nearly certain that effective demand was bound 
to move ahead in the future, chiefly because a large gap separated 
effective demand from ideal demand. Great uncertainty must 
have obtained, however, with regard to the rate at which effective 
demand would move or could be made to move ahead and the de
gree in which its slope at different points would change. Uncer
tainties are due largely to the great variety of potential uses for 
the new metal and to the fact that in nearly every employment it 
must make its way against the competition of substitute materials, 
such as other metals, wood, and bakelite and other synthetic 
products.14 

The shape and position of th~ curve of effective demand from 
nearly every use is determined by a series of price-utility ratios 
between aluminum and its substitutes. It has already been re
marked that there is little market for aluminum transmission cable 
when the contained aluminum sells for more than double the price 
of copper. Many of the ratios are determined in more complicated 
fashion. For instance, aluminwri alloys and 'Various steels compete 
for use in bus and truck"bodies. The priee ratio which leaves the 
builder upon the margin of doubt ,as between the substitutes is a 
resultant of relative mechanical qualities, machinability, amount of 
paying load per unit of vehicle weight, and so on. The price
utility ratios between aluminum and enamel ,cooking utensils 
depend upon relative heat conductivity, corrosion resistance, ap
pearance, and prejudice. Ratios for pistons are influenced by rela
tive heat conductivity, expansion, weight, 'and strength, among 
other factors. As the curve of effective demand moves ahead, its 
fOJ;"Ward progress must exhibit a wriggling or undulating motion as 
a result of changes in price-utility ratios between substitutes in the 
several markets. Alterations in these relationships come from 
better knowledge, variations in composition, form, or other attri-

.. The term "substitute" carries no implication of necessary inferiority; inferiority 
or superiority of tbe substitutes varies witb a Dumber of circumstances, as will be 
explained. 
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butes, disproportionate price changes, and altered conditions of 
supply and demand in the industries which use the competing sub
stitutes. The intensity of demand for hard alloys by the railroads 
will be affected by the growth of understanding of their properties 
by railway men, the degree to which suitable alloys have been or 
can be developed, the success with which producers of other metals 
can improve their products, and changing conditions in the rail
road industry itself. Elements making for economical use of alu
minum vary between railways with different grades, different 
climatic conditions, different kinds of freight or passenger traffic, 
different wage conditions, and so forth. The changing demand for 
railway transport may favor those roads which can use much alu
minum economically, or otherwise. Although the demand from 
the aviation industry may be fairly inelastic for a considerable 
stretch above a price which would throw aluminum out of several 
other uses, the development of tubular steel and alloys of mag
nesium has tended to flatten this curve. 

The following example illustrates the adverse influence of im
provements in a substitute and changed conditions in a consuming 
industry. In 1922-1923 nearly 20,000 tons of aluminum were 
used in crankcases for passenger automobiles in this country. By 
1930 only a third of that amount was employed for this pur
pose.1D During the intervening years two factors combined to 
move demand to a lower position. More intensive cultivation of 
the lower reaches of the demand for automobiles was accomplished 
by reduction of costs in every item possible. Cast-iron crankcases 
were at first substituted for aluminum in many cars. Then im
provements in electric welding enabled the economical and satis
factory use of pressed steel for this motor part. 

Other influences upon demand are capable of more accurate 
measurement. Since the war the output of secondary aluminum 
recovered from scrap has increased markedly relative to primary 
or virgin metal. Import duties and the character of international 
relations between producers affect the position and shape of the 
demand curve for the individual producer. 

Evidently the aluminum firms have enjoyed a considerable 
measure of freedom to plan the relations of investment and de
mand. It appears that they have been under no necessity of creat-

II Aluminum Indus'", II, 633. 
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ing long-run overinvestment or of steadily underutilizing ca
pacity, although the time required to provide additional capital 
equipment, "lumpiness," and uncertainties of demand tend to 
hinder neat adjustment of investment to changing demand in this 
industry. The next few chapters will examine the results, be
ginning with the case of single-firm monopoly in the United 
States. The available data upon investment and earnings of the 
integrated firms represent in each case the total result of all their 
activities. For this reason it is. advisable to survey briefly some 
leading features of the aluminum price structure. 

3. SOME FEATURES OF THE ALUMINUM PRICE STRUCTURE 

It does not appear that the production of different grades of 
aluminum ingot, or the production of aluminum and other electro
chemical products, with the fixed plant described above consti
tutes a case of joint supply that justifies differences in price 
between the several grades or products which are not based upon 
cost differences.16 Since the proportions in which the different 
grades or products can be produced are apparently not unalterably 
fixed by technical conditions, they may be and will be varied in 
response to changes in the relati~e i~tensities of demand for the 
several grades and products. In general it appears that the quality 
of ingot altuninum' can pe controlled by.care in the selection of 
materials and the operation of reduction cells. It is said that the 
immediate product of each cell ·differs to some extent in composi
tion from that of every other cenP For this reason and because 
the aluminum as it comes from the cells generally includes some 
impurities from the electrolytic bath, it is standard practice to re
melt the original pigs in order to refine them and combine them in 
such a way as to produce ingots of grades adapted for different de
mands. It would appear that the various grades can be produced 
in any desired proportions. Evidently the adjustment of their out
put to theil'respective demands so that the price of each equals its 

.. The conditions of joint supply are well explained by Professors Taussig and 
Pigou, in Quarterly Journal of Economics, XXVII, 693-694, 691 (August 1913). I 
have elaborated the theoretical point presented in my discussion here in an article 
entitled "Joint and Overhead Cost and Railway Rate Policy," Quarterly Journal of 
Economics, XLVIII, 583 (August 1934) . 

.. FTC Docket 1335, Record, pp. 5621 ff. 
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cost, including normal returns to capital and enterprise, is not pre
vented by fixity of the proportions in which they can be pro
duced. Continued difference in the relations of cost and price 
between several grades or products does not seem to be explained 
in this industry by conditions of joint supply. 

The extent to which the cost of producing different grades of 
aluminum ingot varies is not clearly shown by the available in
formation. Aluminum of exceptional purity, which can be pro
duced only with the aid of a special refining process, evidently 
costs more than ordinary 99 per cent ingot. The cost of production 
of 99 per cent and of 98-<)9 per cent ingot was said to be sub
stantially the same.1S Whether this statement applied to produc
tion in any proportions does not appear. 

The power to discriminate between different consumers by 
charging prices which yield different returns per unit of productive 
factors - in other words, prices which include different margins 
above or below total cost per unit - is conferred by the existence 
of monopolistic elements or by imperfect knowledge on the part of 
consumers. In so far as it is not a result of monopoly the latter 
condition accounts for sporadic discrimination in most industries 
and has no bearing upon the problems examined here. The 
possible extent of monopolistic discrimination depends upon the 
degree of transferability of units of a commodity from one market, 
one set of consumers, to another, and of units of demand from one 
market to another.19 Discrimination is profitable when elasticities 
of demand in separable markets are different.2o Conditions ena
bling the exercise of monopolistic power to discriminate evidently 
exist in the aluminum industry, and the data upon prices, costs, 
and earnings indicate that discrimination is practiced in this in
dustry, although they do not afford a basis for precise estimate of 
its range and degree. 

The term "price discrimination" is ordinarily employed to sig
nify that different prices are charged for identical units of the 
same good, or that commodities which, although differing in some 

• Testimony of an official of the Aluminum Company, Fl'C Docket 1335, Record, 
p. 576. Cost was defined to include materials and labor of plant administration and 
luperintencience, lues, and interest on borrowed money. 

"See A. C. Pigou, Th, Economiu 0/ WeI/are (3rd ed., London, 1929), pp. 275 fl. 
• See Joan Robinson, Th, Economics o/Impe,/ect Competition (London, 1933), 

p.18I. 
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respects, possess a common element, are sold at prices equivalent 
to different amounts per unit of the common component. The in
fluence of monopolistic forces upon the price structure of alu
minum and its products can be most easily understood if we think 
of a certain grade or quality of aluminum ingot, the least pure 
grade that is made, which is a basic component of all other grades 
of ingot and all aluminum products. In so far as the prices of other 
grades of ingot and of semifinished and final products diverge un
equally from the sums of the price of this basic component and 
the respective conversion costs, the result is that consumers of the 
final products are paying different prices per unit for the basic 
component. Such differences in prices may exist when the basic 
component is made into various final products - by converting 
it into different alloys21 and then into various shapes and forms 
adapted for different uses - provided there are differences in the 
elasticities of demand for the aluminum contained in the several 
finished articles.22 Such differences in prices paid for the basic 
aluminum component are, then, likely to be expressed in the prices 
of all those aluminum products in the sale of which monopolistic 
forces are dominant and for which the possibilities of resale or 
transference of demand to other aluminum products are slight. 

Resale of the basic ingot by tho~e vy-ho, could purchase it more 
cheaply to those from whom higher prices were asked would tend 
to prevent discrimination In its price above' the margins allowed 
by costs of resale. The integrated firms which do a part of the 
work of converting 'the basic component into all final. products, 
and carry out all the conversion operations for some products, are 
in a position to practice a greater measure of .discrimination. 
Those' 'final or semifinished articles which they monopolize can 
be sold directly at prices which, after sUbtracting.'conversion costs, 
yield prices for the basic component which differ from those that 
it' brings in other markets. It is said that, in order to compete 
successfully with copper, the Aluminum Company of America, 
which had ~l,lO' competitors in the fabrication of aluminum cable, 

.. siltce n~ Iiluminum of 100 per cent purity is made. all grades of ingot used con
stitute different .Iilloys . 

.. The demand for a finlil product is a joint demand for the basic component and 
the factors of production required for converting it into the final product. The de
mand for the basic component is derived by subtracting the costs of conversion from 
the demand for the finlil product. 
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often sold this commodity at prices yielding lower revenues per 
pound of aluminum than were gained in other markets. Accord
ing to testimony the price of aluminum cable varies with the price 
of copper cable." Recent testimony suggests that from time to time 
in the last fifteen years the price of pure aluminum cable may have 
been below the price of 99 per cent ingot from which it was fabri
cated.!· If a policy of this sort were to be effective, investigation 
of inquiries for cable would be necessary in order to obviate resale 
to demanders of ingot in general and to prevent them from pur
chasing cable directly. Variations in the differentials between the 
price of ingot and the price of various rolled products have oc
curred in several countries since the war. If, as seems likely, these 
variations are not to be fully explained by changes in cost, they 
evidence discrimination in the price of the basic component.25 It 
appears that the sums received by the Aluminum Company of 
America for sheet during part of the period 1925-1930 were equiv
alent to less than the market price of the contained ingot plus 
the full conversion costs, including normal earnings.26 Duralumin 
products seem to have been sold in this country at prices below the 
sums of the market price of metal and full conversion costs during 
much of the time between the war and the depression beginning 
in 1929.21 

In general, it is probably true that discrimination in the price 
of the basic component cannot be carried into effect to any large 
degree through control of the prices of semifinished or final prod-

-BMTC appellant v. ACOA, foI. 1656; BMTC v. ACOA appellant, foIs. 5713-
5714 . 

.. BMTC appellant v. ACOA, foIs. 3139 If., 6691 If. Cf. HR, p. 14. 
- See Chaps. XVI and xvm for discussion of changing differentiaIs. An officer 

of Aluminium Limited explained its price policies as follows: "If we are speaking, 
as I assume we are, about aluminum in an its forms, raw aluminum, sheet and 
cables, there is in the instance of some of these products another factor which comes 
in. I hardly know how to descn1le it I!lI:cept to say that we sometimes desire to take 
on a marginal load, as for example in the form of electrical cables, wbich we would 
not otherwise get, and sometimes make a concession in the price for that particular 
commodity. This marginal load is on the fabricated articles principally. We were 
speaking, as I understood it, about the tendency which Aluminium Limited desires 
to follow with respect to the price of its articles. We desire to get a fair price and a 
uniform price. But I have been explaining the obstacles which sometimes arise 
toward getting a uniform price, and among them I may include the fact that some 
traders are closer buyers than others" (BMTC appellant v. ACOA, foIs. 1I77-1I79). 

- Below, pp. 387-389. 
-Ibid. 
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ucts unless it takes the form of setting some prices lower than the 
sum of the market price of ingot and the costs of conversion. 
Prices appreciably above such an amount would be likely to attract 
newcomers in most branches of the industry above the ingot 
stage. For instance, shc:lUld an integrated firm achieve a monopoly 
of the sale of cooking utensils, and raise the prices of the latter, 
consumers would be enabled, through the action of independent 
enterprise, to change their demand for the integrated firm's ware 
into a joint demand for its sheet and independent capital and 
enterprise to convert this material into utensils. This sort of trans
ference of demand would be possible in most of the finishing 
branches and could be carried back as far as ingot. For the most 
part, finai products cannot be sold for long at prices which are 
considerably in excess of the price of ingot plus the outside con
version costs. 

Nevertheless, for those semifinished and final products in the 
sale of which competitive elements are controlling, the same sort 
of thing may be accomplished in some degree through discrimina
tory prices of ingot or half-products. Monopolistic forces are 
strong at the ingot stage. Hence the chief obstacles to discrimina
tion are resale and transference of demand. The effectiveness of 
these can be considerably diminished by grading ingot according 
to qualities broadly adapted for different uses. Aluminum of 99 
pe~ cent purity can be used interchangeably with aluminum of 
98~9 per cent pur,ity in most of the uses to which the latter is 
put; but the less pure grade is not as'satisfactory as the 99 per 
cent metal in some employments. If a higher price is charged for 
the p~rer metal, all demanders of this grade will not be able to 
substitute 98~9 per cent metal. For many years the Aluminum 
~ompany of America charged 'one cent more for 99 P~f cent 
ingot than for its 98~9 grade. This margin was reduced to two
tenths of a cent in 1926 and advanced to four-tenths of a cent the 
following year. "Metallurgical 94--99," which used to sell at the 
same price as 98--99 per cent, was divided into two grades, 94 plus 
and 98:-99. The former was quoted for'severai years at about a 
cent and a .half below the price of the latter. Alloy ingots have 
been priced at varying differentials from,'98--99 per cent. Price 
differentials between different grades of ingot have existed also in 
Europe. It is questionable that variations in grading and relative 
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prices have simply measured changes in the relative costs of pro
ducing different grades.28 Further, it appears that during the 
latter twenties the prices of rolled products tended to bring the Alu
minum Company of America less revenue per unit of the basic 
component than was received for the metal which entered tlte 
other broad outlet for aluminum, the castings market.29 

Direct price discrimination in the sale of the same grade of ingot 
or other product has also occurred to some extent in this industry. 
Prices in certain foreign markets, particularly in the Orient, have 
been from time to time much lower than those charged in protected 
home markets.so The European cartel inaugurated a uniform de
livered price for all points within producing countries.u The Alu
minum Company of America appears to have followed a policy 
of freight absorption.82 Evidently consumers close to mills have 
paid more for a unit of aluminum plus a unit of transport than 
those located farther away. Finally, the same aluminum product 
may be sold at varying prices to different sets of consumers (in 
the same regional market) whose elasticities of demand differ be
cause of a difference in available substitutes. Instances of this sort 
of discrimination seem to occur especially during depression.sa 

Although it is impossible to determine accurately the extent of 
discrimination in the aluminum industry, the following conclusions 
seem to be valid. The sale of some of the semifinished and final 
products can be controlled to an extent sufficient to permit prices 
corresponding to discriminatory prices for the basic component. 
Many, perhaps most, of the semifinished and final products are 
sold at prices which do not diverge markedly from the sums of 
prices of materials and outside conversion costs. This does not 
mean, however, that consumers of most final products pay exactly 

• There Is some Indication that an increasing amount of 99 per cent Ingot has 
been sold as 9~9 per cent since the war. If this has been so, it may have repre
lellted an attempt to discriminate between different consumers of the purer grade, 
to sen it at a lower price in new markets while maintaining a higher price In older 
markets. This may have exerted some Inftuence toward a reduction in the 
differential between the two grades. 

• This Inference Is suggested by the analysis of Chap~. XVI-XIX. 
• For instance, before Aluminium Limited and the foreign producers made an 

agreement In 1931 relative to the Japanese market the price of 99 per cent Ingot in 
Japan wu apparently about 14 cents per pound, while it was 3 or 4 cents higher 
In Europe (BMTC appellant v. ACOA, fola. u6z-u63). 

• Bennl, o~. cit., p. ,6. 
• BR, p. 309. • Cf. above, n. 2S, p. 219, and below, pp. 3z7, 477. 
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the same prices for the basic component of aluminum. Some dis
crimination seems to exist in the sale of ingot of different grades 
and of the same grade; and half-products may be sold at prices 
which .contain different amounts for the basic component. The 
multiplication of patented special alloys adapted to particular uses 
widens the limits of discrimination, because increased monopoly 
power is conferred, while special suitability and the costs of turn
ing one alloy into another hinder resale and transfer of demand. 
Finally, although changes in the pattern of discrimination occur 
from time to time it seems clear. that any major changes in the rela
tions of investment, prices, earnings, and demand will involve 
changes in the prices of ingot. In subsequent analysis changes in 
the price of 98-99 per cent ingot, sales of which seem to have ex
ceeded those of other grades, will be used as a rough index of 
changes in the level of prices. While the prices of all grades of 
ingot and all other products do not always vary by the same 
amount, a marked change in the basic ingot quotation is usually 
accompanied by shifts in the same direction in most other alu
minum prices. Broad changes in the fundamental relationships 
to be examined in the next few chapters are likely to be attended 
by movements in the general level of aluminum prices, although 
they may also involve alterations in the discriminatory pattern. 

We have seen that -technological conditions do not necessitate 
long-run overinvestment in the aluminum ,'industry - circum
stances are not similar to those exhibited by some public-service 
industries in which "lumpiness" is so great that normal costs can
not be returned without discrimination. The general economic ob
jections to discrimination apply in the case of this industry. A 
discriminatory price structure not only forces,some consumers to 
pay higher prices than others; it apportions ~e. consumption of 
different sets of consumers in amounts which ·.represent unequal 
percentages of the quantities which they would take at prices equal 
in every case' to full cost. Furthermore; p'rovided' no consumers 
are served at prices below full cost, discrimination will ordinarily 
resultin .. a srqaller output and consumption than the quantity ap
propriatetoprJces that equal full cost.34.,This is so because every 

.. The statements,'iiI the text refer to divergence from an ideal long-run equi
librium. The same points are relevant to the short-run problem, for which ideal 
output is that amount ¥Ihich equates price and marginal direct cost. 



INVESTMENT, PRICE, AND DEMAND 223 

price above full cost will, under typicai long-run conditions of de
mand in the real world, restrict consumption to some amount less 
than the quantity which would be taken at prices equal to full 
cost.15 There is one qualification to the general objection to dis
crimination which should be noted. When the output of the 
best-scale firm is large relative to consumption in a sizable geo
graphical area, both efficiency and desirable competitive activity 
may be facilitated by some degree of freight absorption. 

In closing, another point concerning the aluminum price struc
ture should be mentioned. Since the degree of monopoly power 
at the stages above ingot is very much less than that exercised in 
the production and sale of ingot, it is to be expected that whatever 
monopoly profits may be secured will be chiefly contained in the 
price of ingot, and that profits at most of the stages above will 
not greatly exceed normal earnings.30 Control over the adjust-

• It is sometimes maintained that discrimination will result in the same output 
as uniformity, provided every point on the demand curve can be tapped. Professor 
Pigou has pointed out several reasons why markets cannot usually be separated in 
IUch fashion that this can he accomp\isbed. A more fundamental obstacle inheres in 
the fact that the sort of demand curve which is appropriate for problems of price 
determination in a market where price is uniform is not adapted for problems of 
price discrimination, if the same consumers are represented at different points on the 
curve, as is ordinariIy true. Every point on the conventional demand curve used to 
deal with problems of markets in which price is uniform should be understood to 
represent the total amount which will be demanded at a given price if each con
sumer pays just that price for all that he buys, no more or no less for any part of 
it. (Cf. A. A. Young in R. T. Ely, Outlines 01 Economics, 5th revised ed., New 
York, 1930, p. ISo, and E. H. Chamberlin, The Theory 0/ Monopolistic Competition, 
p. 27.) The potential demands of a given consumer at different prices must be re
garded as alternative choices which are mutually exclusive. The demand curve of 
an individual consumer signifies that he will purchase 100 units at 10 cents apiece, 
or 120 units at 9 cents, or 150 units at 8 cents; it does not mean that he will buy 
100 units at 10 cents, plus an additional 20 units at 9 cents, and a further incre
ment of 30 units at 8 cents. It follows that when he is sold 100 units at 10 cents 
apiece his potential demands for larger amounts at uniform lower prices are auto
matically canceled, with the result that the total market demand at points below 
10 cents is smaller than the amounts shown in the conventional curve. (He would, 
of course, he willing to purchase simultaneously 100 units at 10 cents and 20 addi
tional units at 4 cents apiece, which would be equivalent to 120 units at 9 cents. 
This seems to he what happens in the case of step rates for electric energy.) With
out lahoring the point further it should be clear that it is impossible to tap every 
point on the conventional demand curve. It is evident further that the conventional 
curve is of no service in dealing with problems of discrimination. Several different 
curves must he constructed which represent different possibilities in division of con
IUJDers into teparate markets. One of these will be appropriate to the best dis
criminatory price structure from the standpoint of maximizing profits. 

• Some evidence tending to confirm this will be found below, p. 543. 
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ment of investment and output to demand is exercised by the 
integrated firms directly at the ingot and lower stages, and hence 
indirectly at higher stages. One would expect that they would set 
the price of ingot with reference to the more profitable of the 
markets for final products in which they cannot or do not care to 
achieve considerable monopoly power. In so far as ingot used for 
the final products whose manufacture is not monopolized by the 
integrated firms cannot be sold at different prices, some com
promise will be necessary. The maximum profits implicit in de
mand conditions will not be obtained from any of these markets. 



CHAPTER XI 

INVESTMENT, PRICE, AND DEMAND IN THE UNITED STATES 

I. EARNINGS 

THE next four chapters are devoted to an examination of the rela
tions between investment, output, demand, and price which have 
existed in the chief aluminum markets of the world since the ex
piration of the basic patents. Long-run adjustment of investment 
to demand is emphasized in the first three chapters. The follow-

. ing chapter presents an analysis of short-period relations, with 
particular reference to depression. In Chapter XV an attempt is 
made to compare the probable results of different types of market 
control operating under the same market conditions and to set 
forth the best alternatives for public policy. 

We begin with the American company. The discussion of the 
preceding chapter suggests that there has been no need for long
continued underutilization of power plant and reduction capacity 
in the United States in the period here surveyed (1909-1935), 
unless it has been occasioned by great "lumpiness" of equipment. 
No new firms have ventured into the field. Cost conditions have 
evidently not been such as to require creation of more capacity 
than it was intended ordinarily to utilize. "Lumpiness" has not, 
as a matter of fact, occasioned the existence of idle plant, for the 
Aluminum Company has operated its power and reduction facil
ities at the capacity permitted by stream-flow conditions in all 
years except those of intense business depression. During the 
years 1909-1929 its plants were markedly underutilized in only 
three years. 

Annual financial reports were not regularly published by the 
Aluminum Company of America until 1927. Estimates of invest
ment and earnings in the years 1909-1926 have been made on the 
basis of fragmentary data supplied to government agencies or ap
pearing in financial advertisements. Table I2 exhibits the results 
of this study.1 

1 The nature of the available data, the methods used in making estimates, and the 
facton which suggest understatement of the rates of return are described in lOme 
detail in Appendix C. 
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TABLE 12 

ESTIMATED RATIOS OF EARNINGS TO INVESTMENT OF THE ALUMINUM 

Year 

1909 
1910 
19II 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
192I 

1922 

1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 

COMPANY OF AMERICA, 1909-1935 * . 
Net 

Investmentt Earnings 
(Thousands) (Thousands) 

•••• 0 •••••••• $ 25,500 $ 3,600 
•••••••••• 0 •• 28,500 4.590 
.... , ........ 28,150 5,100 
............. 28,150 4,463 
• •• 0 •••• 0 •••• 33,380 7,500 
· ............ 39,990 7,500 
............. 47,015 9,000 
•• 000 •••••••• 65,450 20,000 
............. 85,880 14,000 
•• 0 •••••••••• 101,200 II,230 
· ............ 114,830 10,500 
· ............ 127,500 12,500 
•••••••••••• 0 150,220 def.lo,ooo 
......... -, .. 139,760 3,000 
............. 139,600 14,000 
............. 150,510 13,425 
· ............. 170,000 22,892 
· ............ 203,260 19,747 
.............. 248,100 18,160 
· ............ 235,000 23,390 
•• 0 •••••••••• 223,220 27,330 
· -, .......... 235,940 13,630 
... ,' ........ 242,240 6,495 
· ............ 240,500 def. 510 
_0 ••••••••••• 234,660 3,400 
••• 0 •• 0 •••••• 229,610 8,100 
•••••• 0 •••••• 220,500 10,820 

". 
AVERAGE RATES OF RETURN IN VARIOUS PERIODS 

Pre-war (1909-1914) - 17.6 
War (1915-1918) - 19.3 
Post-war (1919-1920) - 9.4 

(1921-1922) - -2·3 
(1923-1929) - 10.2 
(1923-1925) - 10.8 
(1926-1929) - 9.8 
(1930-1934) - 2.6 

* Sources of data are given in Table 37, Appendix C. 
t Average total assets during year. 

Rate of 
Return 

(Per Cent) 

14.1 
16.1 
18.1 
15·9 
22·5 
18.8 
19.1 

30 .6 
16·3 
II.I 

9.1 

9.8 
-6·7 

2.1 
10.0 
8·9 

13·5 
9·7 
7·3 

10.0 
12.2 

5.8 
2·7 

-0.2 
1·4 
3·5 
4·9 
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Investment represents the average of total assets of the Alumi
num Company and its consolidated subsidiaries, less depreciation 
and depletion during each year. Annual earnings are equivalent to 
net earnings after operating expenses, including depreciation, de
pletion, taxes, and interest on current debt.· All figures given by the 
company have been used. There is some reason to think that the 
investment figures of the table understate true total investment, 
in the latter part of the whole period at least, for it is questionable 
whether the sums accumulated in the depreciation and depletion 
account are not much larger than amounts which would represent 
true accrued depreciation and depletion from the social standpoint. 
Several considerations suggest that earnings are appreciably under
stated in the table.' The earnings figures there given, taken in con
junction with records of additions to assets through security sales, 
do not account for the full growth of investment during the period 
I909-I929. It does not appear that any substantial revaluations 
of assets upward occurred in this period.s Furthermore, the earn
ings figures presented in Table I2 do not include interest on current 
debt, or the full earnings of those subsidiaries whose dividends, 
rather than total earnings, appear in the consolidated income 
statement. The annual charges to depreciation and depletion may 
have been too great in many years.4 On the whole, it does not 
seem at all probable that the average ratios of earnings to invest-

• See Appendix C for details. 
• Below, pp. 540-541. 
• It may be urged that even though this reserve account exceeded true depreciation 

and depletion, the excess would not be greater than reasonable provision for ob
IOlescence. From the social standpoint the question of who should bear the costs 
of obsolescence presents a knotty problem. Furthermore, the case of aluminum 
appears to be somewhat unusual. Obsolescence has evidently been verY small in the 
past forty years; but nearly the whole of the investment from mines up through 
the reduction stage may become obsolete for the production of aluminum all at once. 
I am not yet prepared to express myself with finality upon this problem. It may be 
said, however, that savers may not consider obsolescence except in those instances 
where the rate can be predicted with some assurance. Furthermore, with respect to 
the aluminum industrY. it is obvious that in so far as obsolescence reserves are 
reinvested in plant designed for the electrolytic process, they afford no provision 
(from the private or the social point of view) against obsolescence of facilities 
adapted to that process. This is subject, of course, to the qualification that power 
plants at lOme locations, alumina work&, and electrolytic plants may be useful to 
lOme extent for other purposes than aluminum reduction. In so far as they would 
Dot be employed in making other commodities, it would appear tbat sums invested 
in IUch equipment are Dot to be considered as reserves for the sort of obsolescence 
which would render that kind of equipment useless. 
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ment were less than the figures shown in: the table; and it is likely 
that they were somewhat higher, perhaps much higher.1i 

The figures of the table fall short in other respects, also, of 
providing exactly the sort of information which is desirable as a 
basis for decisions on public policy. Nothing is known about pay
ments other than dividends to executive officers or directors. Most 
of the stock has been closely held by directors, officers, and their 
families, and estates of deceased officials: Payments of this sort 
may have been so large as to absorb some part of the true earn
ings of capital or much smaller than the usual rewards. Even if 
the figures of the table could be regarded as a correct statement of 
earnings and investment from the economic standpoint they would 
not in all probability show the real earnings and earnings ratios for 
the investment used for aluminum. A not inconsiderable part of the 
company's investment represents holdings in subsidiaries which 
sell power and transport services to the general public. The rate 
of earnings on this part of the investment may have been greater 
or less than the rate of earnings on the part used for aluminum. 

Further, we have seen that there is reason to think that the in
vestment from ore up through reduction plants which is devoted to 
the production of ingot receives higher rates of return than the 
investment at some later stages, and that returns vary 'somewhat 
between these later stages.6 To the extent that this is so, correct 
rates of return upon total investment used for aluminum and its 
products would understate the rates of return upon that part of 
investment (from ore up) used to produce some articles, and so 
tend to indicate that it had been carried closer to ideal investment 
than was in fact true, and vice versa. 

Again, the rates of return in the table do not, of course, express 
the rates of earnings upon operating investment. At all times since 
1909 the company has possessed some.idle reserves of ore and 
power. Between the last pre-war years, when the first acquisitions 

• Understatement of investment would not result in overstatement of the rate of 
return if earnings were understated by about the same amount at about the same 
time. Under such· circumstances understatment of investment is consistent with 
understatement of the rate of return. 

• Normal returns have evidently been earned in several branches much of the time. 
But several million dollars' worth of equipment devoted to hard aIIoys and their 
products apparently received no net earnings in the period 1916-1929. (See below, 
p. 389.). It is questionable whether sheet of all classes has always returned sums 
equivalent to normal returns upon the equipment at this stage (ibid.). 
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of ore were made in South America and Europe, and the latter 
twenties the proportion of investment represented by idle reserves 
may have increased. If so this would account for some fall in the 
rate of earnings upon total assets. In so far as a reduced rate of 
earnings is due to growth of idle investment at a more rapid rate 
than operating investment it is not to be regarded as a symptom of 
a better adjustment of output and price. In order to ascertain 
whether the relations of investment, output, and price have im
proved over a period of years we need to know the change in the 
ratio of earnings to operating investment. No figures of operat
ing investment of the Aluminum Company are available. 

Moreover, it is clear that a normal return on total assets at any 
given time cannot be considered symptomatic of ideal relations 
between investment, output, price, and demand if any part of the 
assets are idle. The view is sometimes advanced, however, that in 
instances where materials are sufficiently scarce to make it im
perative for firms to acquire large reserves in order to ensure con
tinuous operation, steady maintenance and inflow of capital can
not be obtained unless normal returns on total investment - and 
so larger returns on operating assets - are gained. This is not 
true. The ordinary expectations of capital require only normal 
returns on original cost of operating investment.' Presumably re
serves of materials are purchased at prices no greater than the 
best possible estimate of the present value of the annual net addi
tions to revenues which will begin when they go into operation at 
some point in the future. No return upon this idle part of invest
ment is expected during the intervening years, and output and 
price policy would, in general, be the same in the intermediate 
period whether or not such investments were made. It follows that 
during a time in which large reserves were being accumulated, the 
normal expectancies of savers would be fulfilled even though the 
.rate of return on total investment were below normal. After re
serves purchased in the past went into operation they would earn 
more than normal returns on their purchase price unless the ex
pected additions to revenue failed to materialize.8 In a period 

• Unless at the time of acquisition it was not intended to use it until a later time. 
See the following discussion in the ten. The qualliications concerned with changing 
price levels and improved equipment are beside the point here at issue. 

• The analysis of this paragraph assumes that depletion is charged at a fixed amount 
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during which no new acquisitions of reserves occurred, and during 
which the materials secured in the past were being rapidly ex
hausted, it might happen that a rate of return greater than normal 
on original cost of total investment would not be inconsistent with 
the ideal relations of output, price, and demand.9 Inasmuch as 
the Aluminum Company possessed substantial reserves of ore and 
power, which were apparently increased from time to time, during 
most of the period 1909-1935, it would appear that the ideal 
relations between investment, output, price, and demand would 
have been indicated by rates of return upon total assets which were 
less than normal. 

Finally, the information presented in corporate reports does 
not, of course, make it possible to distinguish monopoly gains and 
economic rent.10 If the book valuation of natural resources differs 
from the capitalization at a normal rate of the true economic rent, 
the rate of return upon total investment will not reveal the rela
tions between rent and monopoly profit. Assume that natural re
sources are carried on the books at their purchase price. Let us 
first suppose the purchase for immediate use of an additional power 
site or increment of ore lands that was expected· to yield, with 
the exercise of monopoly power, an increase in revenue which, 
after returning all other normal costs, exceeded the economic rent 
of this unit of natural resources. The price paid for this property 
might fall anywhere between the capitalization at the going nor
mal rate of the full addition to revenu~' (reni plus monopoly 
profit) and the maximum value of the property in another use.ll 
If the price paid was near the capitalization of the full addition 
to revenue and if the estimate of added revenue proved to be ap-

per ton mined. Depletion charges can,~f course, be made in such a way that the 
annual rate of retum on total assets tends to be equal throughout a period of years. 

• The following scheme might be useful as a device of social accounting if it could 
be made practicable. No asset would be included in investment until it was actually 
being used, When included it would not be reckoned at the actual original cost, but 
at current capitalization of the annual addition to net revenue expected from it at 
the time it was purchased - i.e., the additions upon which its purchase price was 
calculated. 'The actual additions to revenue should not be capitalized, for such a 
process would always show a normal rate of retum. 

'" Economic rent is the additional revenue above all other costs which would 
accrue to owners or users of natural resources when price'was equal to long-run 
marginal cost exclusive of rent. . 

11 Provided, of course, that the latter was lower than the former. 
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proximately correct, the rate of return shown upon original cost 
would be little above normal; but a substantial amount of monop
oly profit would have been concealed at the outset by capitalization 
in the purchase price. Indeed, if the addition to revenue were 
less than had been estimated but greater· than true rent, a return 
below normal might be shown, although monopoly profit was 
actually being paid by consumers. Monopoly gain might also be 
consistent with a showing of a normal rate of return if true rent 
diminished, on account of changing conditions, while book value 
of natural resources remained the same. Thus absence of monop
oly profit is not to be inferred from a normal rate of return upon 
book valuation of natural resources unless it is known that the 
book value is equal to capitalization of true economic rent. 

On the other hand, a greater than normal rate of return upon 
book value of total assets might be consistent with normal earn
ings including rent if the purchase price of natural resources was 
less than the capitalization of true rent; or if, over a period of 
years, rent increased considerably and the book valuation of nat
ural resources, whatever its original basis, remained unchanged. 
Finally, the same would be true when use was made of reserves 
of materials acquired earlier and now carried on the books at a 
figure equal to their present value at the time of purchase, if such 
value was lower than the current capitalization of true rent. 

Since av~lable information does not disclose which of these 
various possibilities has characterized the history of the accounts 
of the Aluminum Company, it is impossible to assess the signifi
cance of this aspect of the matter.12 

Even when data are fairly satisfactory, comparison of rates of 
return in different industries must be interpreted with caution. 
In the present instance comparisons will be used simply as one of 
several methods of testing the conclusion suggested by the analysis 
above. According to Professor Crum's figures the rate of earnings 
in metal manufactures during the three years 1924:"'1926 exhibited 
a stability which was characteristic of all branches of manufacture. 
In 1926 the percentage ratio of net earnings before interest (and 
after taxes in so far as they could be eliminated) to total assets 
of all corporations in the metals group which reported any net 

.. This Is also true in the case of the European companies whose earnings ratios 
are studied in the nen two chapters. 
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income was about 8.8.13 Apparently the rate of return was about 
the same in the two preceding years.14 Corporations included un
der metal manufacture comprise integrated smelting companies 
and firms which make highly specialized metal products, such 
as automobiles and electrical equipment. Returns of the latter 
group would in general tend to be higher than those of companies 
whose assets contained substantial reserves of materials or other 
idle investment, if depletion were charged according to a fixed 
rate per ton used. Furthermore, profits of firms producing spe
cialized manufactured articles may have been higher on account 
of more effective differentiation of product.15 One would infer 
that the rate of return upon operating investment used for alu
minum of the Aluminum Company appreciably exceeded the com
parable average rate earned by many firms engaged in similar 
processes in other metal industries, unless idle reserves of the lat
ter made. a negligible proportion of their total assets and they 

DW. L. Crum, Corporate Earning Power (Stanford University, 1929), p. 186. 
This study is based on analysis of income-tax statistics. The figure 8.8 does not 
appear in Crum's tables. He gives 8.03 as the percentage ratio of net income after 
interest to total assets. On p. 253 the percentage ratio of interest paid by all metal 
corporations to total assets is given as 0.756. There is no reason to suppose that the 
percentage ratio of interest to total assets for those companies reporting. net income 
would differ sufficiently from 0.756 to permit any substantial error in the rate of 8.8. 

'" Strictly comparable figures are not obtainable, since total assets were not re
ported for 1924 and 1925. Crum estimates total assets from data reported on capital
ization, surplus, and other items, and computes percentage earnings ratios of net 
income after interest to the estimated total .assets. After adding percentage ratios 
of interest paid to total assets we get the figures of 8.25 and 8.66 as the percentage 
ratios for 1924 and 1925 in the metals group as a whole. _ These figures overstate the 
rate of return since the estimate of total assets was perhaps 30 per cent too low 
(Crum, op. cit., pp. 188-189). But these figures refer to :the group as a whole, in
eluding corporations reporting no net income, whereas the figure in the text repre
sented the rate of return of companies- reporting net income. Since these two fac
tors would, in part at least, olfset each other, there is reason to think that the rate 
of return for those firms reporting net income did not differ greatly in 1924 and 
i925 from the rate in 1926. 

l&Data given in L. H. Sloan, Corporation Profits (New York, London, 1929), at 
pp. 140 If., tend to support this hypothesis. Average percentage ratios of net earn
ings before interest to total assets, less current liabilities, were as follows in specified 
branches of metal manufacture in 1926 and 1927: 

17 copper firms ............................... . 
22 steel firms ........................... -•.. ,,, .. 
6 electrical equipment firms •................... 
'1 agricultural implement firms ................. . 

14 miscellaneous mining and smelting firms ...... . 

z926 
'1·93 
'1.26 

12.05 
10.36 
9.83 

Z92 7 
'14'1 
5.63 

II·73 
10·35 

9.56 
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earned in fact considerably higher rates of return than the average 
received by the whole group of enterprises engaged in metal 
manufacture. II 

In summary, there are several reasons for belief that the rates 
of earnings upon total assets of the Aluminum Company used in 
the aluminum business were higher than those shown in the table 
during much of the period under survey, and that the returns upon 
operating investment used for ingot were considerably higher than 
the rates of return on total assets indicated by the table. Inasmuch 
as the rates exhibited by the table are hardly to be considered 
less than normal, it would appear that investment and output have 
been appreciably below the ideal amounts and price correspond
ingly above the ideal price. Apparently the average rate of earn
ings of siniilar enterprises in other metal industries was much 
lower in the normal years 1924-1926 than the rate earned by the 
Aluminum Company. Comparison with the average rate of earn
ings upon a part of total investment received by a sample of large 
firms in the nonferrous metal industries in 1924, 1926, and 1927 is 
inconclusive. 

It will be noticed that the average rates of return shown by the 
table have been much less in post-war periods than before the 
war.lT Furthermore, according to the figures of the table the rate 
of return declined slightly after 1925. The lower rates in 1926 

.. Professor R. C. Epstein gives percentage ratios for the years 1924-1928 of net 
earnings before interest to total capital at the beginning of the year of forty-eig1!t 
large nonferrous metal corporations (Industrial Profits in the United States, New 
York, 1934, p. 292). Total capital is defined to include only assets represented by 
funded debt, capital stock and surplus. Similar ratios may be computed for the 
Aluminum Company for the years 1924, 1926, 1927. (Large changes in capital in 
the middle of each of the years 1925 and 1928 render corresponding figures for 
those yean useless.) The average rate received in these three years by the forty
eight companies included in Epstein's sample was 10.7 per cent, while the similar 
average rate for the Aluminum Company was 9.9 per cent. Since the proportion of 
idle fixed capital may have been much greater for the Aluminum Company than 
the average proportion for the group of forty-eight firms, and the rates of return 
gained by integrated smelting companies similar to the Aluminum Company may 
have been lower than those received by manufacturers of more highly differentiated 
articles, this comparison does not demonstrate that the operating investment of the 
Aluminum Company earned lower rates of return in these years than the operating 
investment of similar enterprises in the nonferrous metals group. That may have 
been so, or just the opposite may have been true. 

If Perhaps rates of return on cost of reproduction have been even less since the 
war. Inability to estimate cost of reproduction prevents computation. 
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and 1927 are to be explained partially by the abrupt increase in 
idle investment incident to the Duke merger. In the next two 
years the proportion of operating to total investment of the Alu
minum Company may have grown with the transfer of much idle 
investment to Aluminium Limited and the completion of new dams 
and power plants in the South. It will be recalled that the water 
rights and partially constructed dam of the Alcoa Power Company 
on the Saguenay were retained by the Aluminum Company, how
ever. The average rates of return shown by the table are about 
the same in 1924-1925 and 1928-1929. It is not clear" whether the 
proportion of operating to total assets was larger in the latter of 
these two periods, as a result of the transfer to Aluminium Limited 
of foreign properties, including a substantial part of the idle ore 
and power reserves. If that was so, the rate of return on operating 
investment was a little lower at the end of the twenties than it 
had been five years earlier. 

It is interesting to estimate the changes during the period 1923-
1929 in monopoly net revenue as computed from the data of Table 
12. For this purpose 8 per cent has been used as a normal return. 
According to this calculation monopoly net revenue increased to 
about $9,350,000 in 1925, declined to a minus quantity in 1927, 
and rose again until it stood in 1929 at almost the identical figure 
of 1925.18 The average indicated monopoly revenue is somewhat 
greater in 192&.I.929 than in 1924-1925, however. If total assets 
exceeded operating investment by the same proportion in both 
periods, monopoly net revenue with respect to inv~stment in use 
must have been increased from the earlier period to the later by a 
greater amount than these figures indicate:" We have seen, how
ever, that the proportion of total investment in use-may have been 
greater in 1928-1929 than in the middle twenties}9 One might 

iiaThe figures are as follows (in thousands of dollars): 

1923 - $2,79° 1927 - -$1,740 
1924- 1.355 1928 - 4,700 
1925- 9,35° 1929 - 9,375 
1926 - 30455 

The decline in 1926 and 1927 is to be attributed partly to the increase in idle invest
ment. When 6 per cent is used as a normal rate of return monopoly net revenue in
creases slightly between 1925 and 1929; when 10 pel -cent is employed, it diminishes 
slightly. 

-During the twenties there evidently existed some unused fabricating capacity. 
Changes in the proportion of idle to total fabricating capacity are not ascertainable. 
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infer that monopoly net revenue was somewhat larger, perhaps not 
a great deal larger, in the later period. Evidently aggregate monop
oly revenue did not, however, grow in the same proportion as 
operating investment in the years 1923-1929. Unless this con
clusion is vitiated by inaccuracies in the figures or assumptions, it 
is to be regarded as a symptom of a somewhat larger investment 
relative to effective demand at the end of the decade. 

The period 1923-1929 was undoubtedly characterized by a 
forward-moving effective demand. Under such conditions a failure 
of monopoly revenue to grow as rapidly as operating investment 
might be explained by an increase in the elasticity of demand at 
horizontal points, by a policy of sacrificing some immediate 
profits in the expectancy of building up demand for the future, 
by an overestimate of the rapidity of movement of demand, 
or by policies appropriate to objectives other than maximi
zation of profit. Alteration in the elasticity of demand might be 
due to changes in the competitive influence of substitutes or for
eign aluminum or to growth in the strength of potential com
petition. In the examination of prices and the influences bearing 
upon price policy, to which we tum in a moment, an attempt will 
be made to discover the explanation of the apparent improvement 
in the relation of investment to demand. 

One more question should be introduced at this point. The sig
nificance attaching to the fact that the capacity of power plants 
and reduction works of the Aluminum Company was utilized to 
the full permitted by operating conditions during the period 1923-
1929 must not be overlooked. Upon certain assumptions this 
would necessarily mean that investment had not tended to exceed 
the amount appropriate to maximum monopoly net revenue, ex
cept temporarily, at any time during the period. These assump
tions are that the company endeavored rationally to maximize 
profits and that European sellers did not "compete" in this coun
try in the sense of acting with neglect of the ultimate consequences 
of their policies. If the investment of the Aluminum Company had 
exceeded that proper to maximum profit, and if the domestic firm 
and the Europeans had acted as rational oligopolists (without any 
agreement), the full capacity of the Aluminum Company would 

Capacity of power plants and reduction facilities was wen utilized during the 
period 1923-1929. 
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not have been utilized. This may be explained as follows. A cer
tain amount of capacity x is appropriate to maximum profits with 
particular demand and cost conditions. If x capacity is exceeded, 
monopoly revenue must be absolutely less than it would have been 
with just x capacity. The problem is to determine what rate of out
put will maximize the excess of aggregate revenue over aggregate 
variable expense, or in other words equate marginal revenue and 
marginal cost, with the capacity x + y. Reflection shows that mar
ginal cost and marginal revenue will not be equated either at the 
rate of output which best utilizes x + y capacity or the rate which 
would leave idle all the "excess" capacity y - i.e., the rate which 
best utilizes x capacity. At the rate which best utilizes x capacity 
marginal revenue will exceed marginal cost for some rates of 
output of y facilities. If it be assumed that marginal cost at the 
rate of output which best utilizes x + y capacity will be about the 
same as marginal cost with x capacity alone, operated at best util
ization, then marginal revenue will of course be less than this. 
Hence some rate of output between that which best utilizes x 
alone and that which best utilizes x + y will be appropriate to 
maximum profits under the circumstances, and the full capacity 
will not be utilized.20 

There are other possible explanations of the full utili'zation of 
the Aluminum Company's capacity. Price competition between 
the Europeans and the domestic company, with neglect by each 
of the effect of his actions upon the· policies of the other firms, 
would keep price low enough to utilize any size of capacity up to 
the ideal amount. It does not appear, however, that this sort of 
competition prevailed generally throughout the period 1923-1929. 
The assumption of oligopolistic rationality seems closer to actual 
conditions. A strong threat of competitive price making by new 
domestic firms might have led to full utilization of capacity larger 
than that proper, to maximum profit. Or again, "excess" capacity, 
created pu~osely- or by mistake, might have been fully utilized 

.. If' marginal cost with the new equipment (after the investment is made) is 
much lower than marginal cost with the old equipment, the most profitable ad
justment will result in underutilization of the older facilities alone. An amount of 
investment" + " of the domestic firm could, of course, be best utilized profitably if 
the foreign producers withdrew from this market an increment of product equivalent 
to the output of " facilities when best utilized. That would simply mean that the 
domestic producer was operating at best utiIization the amount of capacity appro
priate to maximum profit with the larger demand now available to it. 
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in order to test out the elasticity of demand at lower prices and 
familiarize a greater number of people with aluminum, with the 
hope that the immediate profits sacrificed would be more than 
offset as a result of more rapid transformation of latent into effec
tive demand. Finally, full utilization of any amount of capacity 
greater than that consistent with maximum profit might be ex:" 
plained by motives other than strict pursuit of profit. 

The chief questions to be examined in the rest of this chapter 
are, then, the explanation of the apparent improvement in the 
relation of investment and demand between 1923 and 1929, and 
explanation of the full utilization of domestic ingot capacity. The 
simultaneous existence of these two conditions is consistent with 
any of the following hypotheses. (I) Demand became more elas
tic as it moved ahead, and investment tended to equal an amount 
appropriate to maximum profit. (2) The threat of entrance by 
newcomers likely to pursue competitive investment and price poli
cies was sufficient to induce a more liberal adjustment of invest
ment to demand and full utilization of existing capacity. (3) A 
larger capacity than that appropriate to maximum monopoly rev
enue was created by mistake or as part of a program to convert 
latent demand into effective demand by lowering price and ad
vertising; 21 and was then fully utilized at lower prices in order to 
build up demand. (4) Investment and price policy were controlled 
by objectives other than maximum profit. It should be recognized 
that the "development" policy noted under (3) would probably 
be,undertaken only if it were believed that as the demand curve 
moved ahead it would become more elastic. Unless lower prices 
were to be ultimately advantageous it is questionable whether they 
would be put into effect. 

The above discussion has proceeded upon the tacit assumption 
that cost conditions remained unchanged during the period 1923-
1929. Provided demand did not decrease through the relevant 
range, cost reductions should occasion a different adjustment re
sulting in somewhat larger investment and output and greater 
monopoly revenue. But changes in cost would not invalidate the 
propositions advanced above. 

-In 10 far U coDSumers with a latent demand at prices below those currently 
charged will not pay much attention to advertising until "the price is right," price 
must be lowered ill order to command a hearing. 
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We now proceed with an examination of the course of changes 
in prices of aluminum and its substitutes, in imports, capacity, 
and costs. 

2. CAPACITY AND PRICE 

After recovery from the depression of 1908-1909 the Aluminum 
Company's list price of ingot approximated 20 cents a pound. 
With the reconstitution of the European cartel and better busi
ness abroad in 1912 it was raised to 22 cents.22 A lowering of the 
import duty by 5 cents in the fall of 1913 occasioned a reduction 
of 3 cents in price. In the next year and a half price fluctuated 
between 18 and 20 cents. Earnings were evidently high in the 
short period between 1910 and the outbreak of abnormal war 
demand in 1915. Expansion of plant was not begun until demand 
had revived from depression and moved ahead markedly. Evi
dently investment lagged behind the increasing demand from the 
growing automobile business. The additional facilities of 1914-
1916 might have resulted in capacity for an output large enough 
to bring returns down to or below normal for some years if the 
war demand had not appeared to tax it as soon as completed. Or 
they might have yielded large profits in capacity production for a 
bustling peace-time automobile industry. 

The post-war years present the first normal period of some 
duration in the mature life of the Aluminum Company. The course 
of prices here and abroad during the years 1920-1932 is shown in 
Table 13 and Chart II.23 During 1920-1921 the world aluminum 
price structure crumbled under the impact of dumping of gov
ernment inventories and general business depression. In the 
United States a sudden pickup in demand for' 3J.uminum in 1922 
became so intense that by the end of the year there was a general 
shortage of the metal. Until the tariff was settled in September the 
AIUlllit}um .company of America made no change in the price of 
ingot, with the result that it remained below the foreign price plus 
the 2-cent duty. A few days after the 3-cent tariff increase went 
into effect the company raised its price 2 cents; and within two 
months had added 3 cents more in order to take the full advantage 

.. Prices for 1912-1915 appear in BMTC v. ACOA appellant, Exhibit 344 • 

.. Price data for the years 1933-1936 are given below, pp. 321 if. 
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allowed by the new duty.24 By early 1923 price at home and 
abroad had advanced another cent. During the three years 1923-
1925 the Aluminum Company's price followed the foreign price 

CHART II 
PRICE DATA !POR 98-c)9 PER CENT PRIMARY ALUMINUM INGOT IN THE' 

UNITED STATES AND EUROPE, 1920-1932 
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Data are from Table 13. 

upward but remained somewhat under the margin allowed by the 
duty. The New York open-market quotations (Table 14), which 
afford some indication of the price of imported metal, indicate that 

• It is said that when the new duty went into effect the company announced that 
price lists would no longer be issued and quotations would be made privately. It 
was lleveral months after each change before the trade journals were even able to 
lilY defmitely what the price had been for some time past. This policy was evi
dently continued for more than a year. See Metal Industr, and Automobile for 
these years. 
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TABLE 13 

PRICE DATA FOR 98-99 PER CENT VmGIN ALtlMINUM INGOT, 1920-1932 * 
(Cents per Pound) 

List Price of 
Aluminum Company European 

Date of change of America Price 

1920 
January I ............. 32.8 
April 19 .............. 34.8 
October I ............. 32.8 
December 20 .......... 28.3 

1921 
January 10 ............ 28.0 
February 5 ........... . 
July 15 ............... 24·5 t 
August 3 .............. . 
November 15 .......... 19.0 

1922 
April 22 ............. . 
May 6 ............... . 
September 2 ..•.•...... 

September 16 ......... . 
September 23 ......... . 
September 26 .......... 21.0 
September 30 ......... . 
November I ........... 22.0 
November 22 .......... 24.0 
December 2 •••• ' ••••••• 

27·5 
25·9 

19.6 

21·7 
20.8 
19.8 
18.8 
18.2 

19.0 

European 
U. S. Import Price plus U. S. 

Duty Import Duty 

2.0 

5·0 

29·5 
27·9 

21.6 

23·7 
22.8 
21.8 
20.8 
23.2 

23·4 

* List prices of the Aluminum Company of America are ~rom BMTC v. 
ACOA appellant, Exhibits 344 and 556. List prices evidently mean the price 
quotations given by the central office to salesmen of the company, for the 
Aluminum Company has not ordinarily circulated published price lists among 
customers. European prices are the London quotations (from Mining Journal, 
London) until September 1926, converted at average monthly exchange rates. 
Thereafter they are the official cartel prices in gold pounds converted at par. 
Before 1926 slight differences in prices prevailed from time to time in the 
chief European markets. Between 1926 and 1934 the officially announced price 
was the same in all producing countries of Europe. 

t Between August 15 and November 15, 1921, schedule prices of ingot were 
suspended, owing to unsettled market conditions. 
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TABLE 13 - Continued 

List Price of 
Aluminum Company European 

Date of change of America Price 

1923 
February 7 ............ 25·0 
February 24 ........... 19·5 
March 3 .............. 22.0 
March 17 ............. 23·0 
May 12 ................ 23·7 
November 13 .......... 26.0 

1924 
January 10 ............ 27·0 
March 8 .............. 22·9 
April 12 ............... 24·3 

1925 
June 6 ................ 26.0 
October 22 ............ 28.0 
December 17 .......... 27·0 

1926 
January 1 ............. 25·6 
July I . ............... 26.& 
September 17 .......... 22.8 

1927 
January 15 ............ 25·8 
October 20 ............ 24.8 
December 21 .......... 23·9 

1928 
May 18 ............... 20.6 

1930 * 
June 26 ............... 22·9 
October 18 ............ 18·5 

1932 
January 1 ............ 17·4 

European 
U. S. Import Price plus U. S. 

Duty Import Duty 

24·5 
27·0 
28.0 
28·7 

27·9 
29·3 

31.0 

30.6 

27·8 

25·6 

4.0 24·6 
22·5 

21·4 

* There were DO changes in prices in 1929 or in 1931. 



TABLE 14 

MONTHLY AVERAGE PRICES OJ!' 98-99 PER CENT VIRGIN ALUMINUM ~NGOT IN THE NEW YORK OPEN M<.\RKET * 
(Cents per Pound) 

Month 

January ....................... . 

t":rcl.a~.:::::::::::::::::::::: : 
April •.•••..•....••••..•..•..•• 
May ..•.••.....•.•••.•.•....... 
June .......•.•••...•.•.•....••• 
July .........•.••.•.•.......••• 
Augult .....•...•...•...•.....•. 
September .••.•.•.••.•.•• , ••••. 
October ., ...•..•.••••.•.•...•.• 
November •.....•.•............ 
December ...•.................. 

1920 

32.00 
31.83 
31.50 
31.61 
31.95 
32.00 
32.00 
32.21 
31.44 
29.12 
27.80 
23.83 

1921 

22.86 
24.50 
23.44 
23.25 
23.06 
22.75 
22.62 
20.22 
19.02 
17.85 
17.50 
17.50 

1922 

17.74 
17.33 
17.52 
18.07 
17.92 
17.87 
17.87 
17.87 
18.26 
20.32 
20.87 
22.52 

1923 

22.75 
23.25 
24.95 
26.00 
26.24 
26.25 
26.25 
26.07 
25.50 
25.50 
25.80 
26.31 

1924 

27.61 
27.71 
27.57 
27.46 
26.43 
26.27 

'26.37 
26.52 
27.24 
27.16 
27.00 
27.00 

1925 

27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.24 
28.00 
28.00 

1926 

27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
27.00 
26.85 

1927 

26.37 
25.83 
25.55 
25.55 
25.55 
25.55 
25.55 
25.55 
25.55 
25.29 
24.30 
24.26 

1928 

23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 

1929 

23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 
23.90 

1930 

23.90 
23.90 
23.90 
23.90 
23.90 
23.76 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 

1931 

22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 

1932 

22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 

1933 

22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 
22.90 

1934t 

23.30 
21.65 
21.65 
21.65 
21.65 
21.65 
21.65 
21.65 
21.65 
21.49 
20.50 
20.50 

1935t 

20.50 
20.50 
20.50 
20.50 
20.50 
20.50 
20.50 
20.50 
20.50 
20.50 
20.50 
20.50 

Year •••••••••••••••••••• ••••• 30.61 21.11 18.68 25.41 27.03 ·27.19 26.99 25.40 23.90 23.9023.39 22.90 22.90 22.90 21.58 20.50 

• Pricea ue reported in the .4mericlltJ Mellli Mllrl(et, and reprinted in the Y'/I1'bDO~ of ,h, dmericlIFJ Bureau 01 Metal Statisticl, by whOle permission they are reproduced 
here. .. 

t 99 per cent iDgot. Pric.. of 91h99 per .em ingot iD 1934 and 1935 not reported. 
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TABLE IS 

IMPORTS 01' ALUllINUll INGOT INTO THE UNITED STATES, 1919-1933 

(Metric Tons) 

Estimated 
Total Tonnage from 

Year Imports European Producers 

1919 ..................... 8,003 2,360 
1920 ..................... 18,178 12,600 
192I ..................... 13,870 12,390 
1922 ..................... 18,122 14,700 
1923 ...................... 19.534 12,500 
1924 ..................... 13,333 8,100 
1925 ..................... 19,690 12,520 
1926 ...................... 33,965 18,400 
1927 ..................... 32,744 13,830 
1928 ..................... 17,189 7,020 
1929 ..................... 21,961 8,020 
1930 ..................... II,II2 6,050 
1931 ..................... 6,261 5,090 
1932 ..................... 3,631 2,720 
1933 ..................... 7,580 6,080 

Import figures represent general imports of aluminum and alloys in crude 
form, including scrap. Figures of imports from European producers have been 
taken from the following sources. For the years 1919-1922 they represent 
total imports minus the tonnage received from Canada. The figures for the 
years 1923-1924 are based on statistics of imports by the Aluminum Company 
given by an officer of the company in the case of HaskeU v. Perkins (Record, 
p. 1020). The figures for the years 1925-1931 appear in Exhibit 126, BMTC 
v. ACOA appellant. (Whether these figures represent "imports for consump
tion" or tonnage entering United States ports is not explained.) Six thousand 
seven hundred tons purchased by the Aluminum Company from the Vereinigte 
Aluminiumwerke in 1925 and 1926 have been added to the figures of imports 
from foreign producers given in Exhibit 126. Since most of this amount 
was imported in 1926, 6,000 tons have been added to the figure for that year 
and 700 tons to the figure for 1925. Figures for 1932 and 1933 appear in 
Table 5 of the Henderson report of NRA. Since scrap and virgin are not 
separated in import statistics, the figures of imports from European producers 
probably represent some slight overstatement of their imports of virgin alu
minum into this country. 
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European producers were making some sales here at quotations 
somewhat above those of the domestic company during I923 and 
I924.25 In the next two years the New York price was the same 
as the Aluminum Company's list price much of the time. Addi
tional evidence shows, however, that European companies made 
some sales at prices below the list price of the domestic firm from 
time to time throughout the twenties.26 Estimates of imports from 
European producers exhibit an increase from I9I9 to I922 and 
a decline in the ensuing two years (Table IS). The fact that im
ports did not drop farther in I923 is probably to be ascribed to 
the procedure of contracting for sales a year ahead, while the fail
ure of imports from Europeans to disappear almost entirely in 
I924 under conditions of world shortage is doubtless to be ex
plained by premium prices here. 

Inspection of the ratios of Table I6 shows that the price of 
aluminum rose proportionately higher than the prices of the other 
nonferrous metals in the years I922-I924. In I92S the price of 
aluminum increased relatively less than the price of copper and an 
index of nonferrous metal prices. The price ratio of aluminum to 
copper reached a high in I924 greatly exceeding the ratios for 
I9I9 and I920, which in tum surpassed the ratio for I9I3. In 
the next three years the prices of aluminum and copper declined 
at about the same rate. A marked reduction in the aluminum quo
tation at the end of I927 combined with an increasing copper price 
in the ensuing two years lowered the ratio. to. a point substantially 
below the average for I923-I924. The ratio of the price of alu
minum to a nonferrous-metals price index also rose to a high in 
I924, which, however, remained below the ratios of I9I9 and I920, 
although much above the I9I3 ratio. This ratio. declined abruptly 
in I92S owing to a marked rise in the nonferrous index, and re
mainedabout constant (near the I9I3 ratio) until I930, except 
for an increase in I927, when the index declined relatively more 
than the price of the light metal. In the latter twenties aluminum 
was offered at prices equivalent to lower ratios to the prices of 
the other nonferrous metals than had existed in I923-I924 or in 
the short post-war boom. The ratio of the aluminum price to the 

-The New York open-market quotations on virgin aluminum seem to apply 
mainly to spot sales of foreign metal and of small amounts of domestic metal offered 
for resale. • Above, p. 159. 
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TABLE 16 

RATIOS 01' YIWlLY AVERAGE LIsT PIuCES 01' ALUMINUM INGOT TO YEARLY 

AVEIlAGE PRICES 01' COPPER AND A WEIGHTED NONI'ERROUS METALS 

INDEX IN THE UNITED STATES, 1919-1934 * 

AVERACE PRICES (Cents per Pound) RATIOS 

Nonferrous Aluminum Aluminum to 
Year Aluminum Copper Metals Index to Copper Nonferrous Index 

1913 21.18 15·27 9.98 1·39 2.12 
1919 32.83 18.69 12·93 I.76 2·54 
1920 33·58 17-46 12.88 1.92 2.61 
1921 - t 12·50 8.22 
1922 19.90 13.38 9·34 1·49 2.13 
1923 25.04 14·42 II.I3 1·74 2.25 
1924 26.98 13·02 II.29 2.07 2·39 
1925 2P5 14.04 12.63 1·93 2.15 
1926 26.90 13.80 12·59 1·95 2.14 
1927 25·63 12.92 II·3I 1.98 2.27 
1928 23.90 14·57 10.89 1.64 2.19 
1929 23.90 I8.II II.II 1·32 2.15 
1930 23.38 12.98 8.81 1.80 2.65 
1931 22·90 8.12 6.23 2.82 3.68 
1932 22.90 5·56 4·78 4·10 4.80 
1933 22.90 7·03 6.61 3.26 3-46 
1934 20·50* 8·43 7·70 2·43 2.66 

• Average list prices of 98-c)9 per cent virgin ingot of Aluminum Company 
of America are computed from the data of Table 13. Averages prices of elec
trolytic copper at New York are taken from the Yearbook of the American 
BUf'tJau of Metal Statistics. The weighted nonferrous metals index comes from 
M teal Statistics. 

t Owing to suspension of list prices of aluminum during part of 1921 it is 
impossible to compute average price for that year. * Approximate estimate of average price quoted made from ligures of 
AmeriaJn Metal Markel. 
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nonferrous index was approximately equal to the 1913 figure in 
three of the five years 1925-1929. The aluminum-copper price 
ratio, however, did not sink to the 1913 level until 1929. 

The price red,uctions of the Aluminum Company occurred within 
a space of two years. At the end of 1925 the quotation was low
ered by one cent. After a reduction in the European price equiva
lent to 3 cents in September 1926 when the cartel was formed, the 
domestic firm cut its figure by about 3 cents in successive stages 
during 1927. The timing of these price reductions may have been 
influenced by temporary increased foreign offerings at a little less 
than the domestic price. (See Tables 14 and 15.) Study of the 
relations of supply and demand in European markets seems to in
dicate that the increased exports from European companies to 
the United States in the years 1925-1927 in large part reflected 
a temporary surplus with respect to current prices at home.27 The 
temporary European surplus was incident to a trend toward a 
new and better adjustment of investment and demand. Funda
mental forces operating in this direction were at work on both 
sides of the Atlantic in the latter half of the twenties, as will be 
explained. By 1928 when the cartel lowered its price about 2.2 
cents a pound exports to the United States by': European producers 
had shrunk greatly. The Aluminum Company did not follow this 
price reduction. 

It seems evident that the American'company would have re
duced its price considerably some 'time between 1926 and 1930 
even in the absence of lower quotations for'imported metal. Lower 
price ratios between aluminum and other metals than those ob
taining in the middle twenties were better suited for rapid devel
opment of the new markets. To meet the new' demands great 
increases in operating capacity occurred in thesearS"1927-1929. 
Imports by the Aluminum Company diminished after 1926.28 
Cost. of production was being appreciably cut at the same time. 
A(ter1927 no further change occurred in the list price of the Alu
ininum Company until the middle of 1930, when a reduction of 
one cent in the import duty was accompanied by an equal drop 
in price. 

or Below, Chap. XIII. In these three years nearly 13,000 tons, or about 30 per 
cent of the metal imported from European firms came from Germany, where a 
large power plant had just gone into operation • 

.. BMTC v. ACOA appellant, Exhibit 126. 
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A depressing influence upon the price of primary aluminum 
was probably exerted by the growing production of secondary 
aluminum recovered from scrap. Secondary aluminum, which 
competes with the virgin metal in many uses, constitutes an eco
nomic substitute which makes the demand for virgin more elastic 
than it would otherwise be. The exercise of monopoly power by 
one or a few producers of primary aluminum would be rendered 
impossible if (I) secondary metal were a perfect substitute for 
virgin in all uses; (2) any quantity of virgin aluminum which 
would bring a price just equal to its marginal cost if there were 
no secondary aluminum in the market could be entirely replaced 
by secondary metal at the same marginal cost; and if (3) the 
number of firms seIling secondary aluminum were large enough to 
result in purely competitive market relations. Although the third 
condition may be met in practice it would appear that the other 
two are not completely fulfilled. An increase in the supply of 
secondary which could be produced at a marginal cost equal to 
current price would ordinarily encourage some reduction in the 
price of virgin, however. During 1923 and 1924 the estimated out
put of secondary metal was equivalent to about a third of the 
tonnage of primary aluminum produced. In 1925 the production of 
secondary aluminum jumped to 40,000 tons or about 60 per cent 
of the year's total for virgin metal.29 The tonnage of secondary 
recovered apparently increased but little thereafter, with the 
result that the proportions increasingly favored virgin after 1927. 

In 1920 the Aluminum Company evidently possessed a capacity 
of a little over 300,000 h.p. for production in the United States, 
which was equivalent, perhaps, to a maximum output under ordi
narily favorable conditions of 70,000 metric tons of metal per 
year. During the years 1922-1925 the demand for ingot moved 
forward substantially. In 1922 the company sold about 21,000 

tons in the form of ingot at an average price of about 18 cents per 
pound.a° During the following year nearly 32,000 tons were sold 
for about 21.5 cents per pound. About the same amount brought 
25 cents per pound in 1924, and in the first six months of 1925, 

25,000 tons were sold at an average price of 25.5 cents. An officer 
of the company has testified that capacity was insufficient to meet 

• Estimates of production of secondary aluminum are given in Table 39, p. 572. 
• Sales data for these years are given in BR, pp. Il7-u8. 
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demand in the latter part of I922 and in I923.31 Yet new domestic 
construction was not begun until I925.32 In the meantime the 
domestic shortage was alleviated somewhat by importation from 
Norwegian firms in which the American company took an interest. 
Ten years earlier the company had waited until sales exceeded its 
output to begin extensions which would take a year or two to 
complete. Now it waited three years after revival had started
during which the purchase of foreign capacity apparently in
creased supply by less than IS per cent- before beginning con
struction of dams in the South requiring two or three years to 
finish. Even with the addition of foreign capacity the company's 
sales exceeded its output until I927, the difference being made up 
by purchases of primary aluminum from foreign companies and of 
scrap in this country.33 Substantial delivery delays occurred dur
ing the upswings in I9I2 and in I922-I924, as well as in the peak 
years I906-I907 and I919-I920.34 These delays probably tended 
to retard the growth of consumption in some uses in which alu
minum was economically superior to other materials. The ab
sence of serious delays in the late twenties is another symptom of 
a better relation between investment and demand. 

Between I925 and I930 domestic capacity was nearly doubled 
by the building of three new dams in the South and the purchase 
of additional energy for Massena.35 The great Saguenay develop
ment was also initiated in this period. Although some metal from 
the Saguenay was imported by the" Aluminum Company for a few 
years, the Canadian properties now administered by Aluminium 
Limited have produced chiefly for markets other than the United 
States since I928. As long as this continues, the relations of invest
mentand demand in the domestic market are likely ~o be influenced 
principally by changes in the capacity within this country. 

No thoroughly satisfactory cost data have been published. Two 
sets of figures of the plant cost of producing ingot in three of 
the four domestic plants appear in the records of the Baush litiga-

'~FTC Docket I335, Record, p. 5257. Data submitted in this case show marked 
declines in inventories and increases in unfilled orders during these two years. 

• Between I920 and I925 an increase of I8,000 h.p. from additional dynamos and 
improved technique was offset by the relinquishment of IO,ooo h.p. of purchased 
energy and the sale of over 10,000 h.p. generated at Badin (ibid., pp. 697 ff.). 
Canadian capacity was not extended until I926. • Annual report, I927. 

"'The delays of the twenties and extenuating factors involved are discussed below, 
pp. 421 ff. • Above, p. 77. 
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tion, both prepared from answers of the Aluminum Company to 
detailed interrogatories submitted by the Baush attorneys. The 
figures of plant cost given in the exhibit introduced by attorneys of 
the Aluminum Company, and data on other expenses and on sales 
appearing in exhibits introduced by the other side, are used here 
to compare relative changes in the price and cost of ingot. The 
figures of plant cost of ingot seem to include wages, alumina, 
power and other materials, repairs, depreciation, taxes, and plant 
overhead, interest on working capital, and perhaps some interest 
on fixed capital. The average yearly list price of 98--99 per 
cent ingot fell by about 3.25 cents between 1925 and 1929, and 
that of 99 per cent ingot by about 3.9 cents. The average price 
received for ingot of all grades (sold by the company in the form 
of ingot) appears to have declined from 26.20 cents per pound 
in 1925 to 22.73 cents per pound in 1929, a drop of 3.47 cents.S8 

The cost figures indicate that in the same period plant cost 
was reduced by 7.6 cents, 5.8 cents, and 4.9 cents respectively 
at three plants.IT Since these figures are presented in order of 
relative outputs it would appear that cost for the three plants as 
a whole diminished by an average of about 6 cents. Total general 
expense of the Aluminum Company was slightly less in 1929 than 
in 1925.18 Aggregate sales expense, including advertising, doubled 
between 1925 and 1929.89 Allocation of about one-half of selling 
expense to ingot - probably a generous proportion - in each 
year would give selling expense per pound of about 1 cent in 
1925 and 2 cents in 1929. It would appear that the cost of pro~ 
ducing and marketing ingot was reduced by at least 5 cents per 
pound between 1925 and 1929.40 The figures indicate that price 
fell by at least a cent less than cost. This would suggest a higher 
rate of return on investment in 1929 than in 1925, but just the 
opposite seems to have been true. Unless the explanation is to'be 
found in a larger proportion of idle assets in 1929, of which there 
is no clear evidence, the prices of some commodities other than 

• Average price received is derived by dividing total receipts from ingot sales by 
Dumber of pouads BOld as given in BMTC v. ACOA appellant, Exhibits 289 and 294. 

-Ibid., Exhibit 117. -Ibid., Exhibit 58. -Ibid., Exhibit 258. 
• There is no reason to think that the change in cost at the fourth plant, for 

which DO figures were given, was 80 strikingly different as to cause a variation in 
the average of more than ~ cent. The fourth plant produced about one-seventh of 
the total output in 1925 and about one-fifth in 1929. 
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ingot must have fallen somewhat more than their costs,41 or rev
enues from investments declined. About the latter we have no 
information. 

We have seen that the record of changes in investment, operat
ing capacity, and earnings evidence a tendency toward a better 
relation between investment and demand in the latter twenties. 
It now appears that this was not true of the investment used to 

. produce that part of the total output sold in the form of ingot. 
In so far as the price of ingot was lowered by less than the diminu
tion in cost a more restrictive relation is indicated. Unless the 
lower rate of return at the end of the twenties is illusory, or is 
wholly explained by a drop in the rates of return or dividends of 
firms in which the AluminUm Company held investments, that part 
of the company's investment used to make commodities sold in 
forms other than ingot must have shown the less profitable ad
justment to demand. The information available does not demon
strate clearly where this relation occurred. It may have obtained 
in the markets for bauxite, or alumina,42 or in the markets for any 
products made from ingot. If it occurred in the markets for prod
ucts made from ingot there was in all probability a change in the 
discriminatory price structure. This may be explained as follows. 
Evidently the relation between demand andtJle whole ·of the in
vestment, from ore through finishing plantsl .. used to produce arti
cles made partly or solely by independent fabricators who pur
chase ingot from the Aluminum Company was less rather than 
more liberal. Ingot was apparently sold at prices higher, relative 
to cost. There is no reason to suppose that the investment of the 
finishing firms who fabricate ingot purchased from the Aluminum 
Company was much more or much less liberally adjusted to de
mand. 1n many of these fields the economical scale of investment 
is' evidently small relative to total demand, and entry is not op
posed by substantial barriers.43 With expanding demand, at least, 
it is reasonable to suppose that there is a strong tendency in each 
of these branches of the industry for investment in fabricating 
plant to be kept close to that amount which tends to yield normal 
returns. Changes in the investment in fabricating plant in these 

... Cf. below, pp. 379 ft. It does not seem likely tbat tbe relatively small quantities 
of ingot sold at lower prices in the Orient influenced tbe total result much . 

.. The Aluminum Company sells bauxite and alumina to firms making chemicals, 
abrasives, and otber commodities. .. See Chap. XVIII. 
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branches would probably keep step roughly with changes in the 
amount of capacity used by the Aluminum Company in producing 
ingot to be used in these branches. Prices of the final products 
made in these fields would tend to equal the price of ingot plus 
normal cost of conversion. If the adjustment of investment to 
demand were less restrictive in other markets, the prices charged 
for final products in those fields would be less than the sum of 
the company's market price of ingot plus normal expenses of con
version. In other words, the rate of return upon the total invest
ment from ore through finishing plant used to serve these latter 
markets would be less than that obtained in the former fields. The 
lower rates of return would be likely to occur upon those parts of 
investment devoted to products sold chiefly by the Aluminum 
Company itself. Table 17 shows the distribution of sales of the 
Aluminum Company between ingot, sheet, and all other products 
made from aluminum. 

TABLE 17 

SALES OF VARIOUS PRODUCTS BY THE ALUMINUM COMPANY OF 

AMEIlICA, 1923-1929 
(Thousands 0/ Pounds) 

1923 1924 1925 1926 1927 1928 1929 

Ingot ......... 73,276 71,739 89,592 71,857 65,167 89,689 81,030 
Sheet ........ 60,551 44.409 58,177 61,123 63,9°5 71,305 64,147 
All other products 

from aluminum 51,504 44,073 48,649 53,235 57,268 93,188 97,142 

Total ....... 185,331 160,221 196,418 186,216 186,340 254,181 242,319 

Figures for the years 1923 and 1924 are taken from BR, p. 1I8. Data for 
the other years are found in BMTC v. ACOA appellant, Exhibits 290-294. 

The absolute totals and the proportions of the three classes of 
products shown in the table were nearly the same in 1926 as in 
1923. In the interim ingot sales had increased temporarily, while 
sales of sheet and other products were decreasing proportionately. 
After 1926 metal sold in forms other than ingot or sheet accounted 
for an increasingly larger proportion of total sales, while sales 
of ingot and sheet both decreased proportionately. In both 192 3 
and 1926 the company sold nearly 40 per cent of its metal in the 
form of ingot. By 1929 this had dropped to less than 34 per cent. 
In 1926 only about 29 per cent of total sales was made up of alu-
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minum in forms other than ingot and sheet - scarcely more than 
the I923 percentage. This proportion grew to 37 per cent in I928 
and about 40 per cent in I929. The fact that the Aluminum Com
pany was carrying a larger part of its total output through semi
fabricating or fiDishing stages would afford opportunity for more 
discrimination, particularly if the additional product took the form 
of articles ptade to a small extent, if at all, by other firms. 

With an expanding demand for aluminum during the years 
I922-I925 the ingot capacity of the Aluminum Company was 
enlarged but little. Rising prices of substitutes permitted in
creases in the price of aluminum which at first took full advantage 
of the higher tariff imposed in I922. In I925 the company em
barked upon an extensive program of expansion which almost 
doubled domestic ingot capacity in the ensuing five years. The 
ratios between the price of aluminum and an index of nonferrous 
metal prices were lower in the period I925-I929 than in the post
war boom or the years I923-I924. The rate of return on all oper
ating investment of the company appears to have.declined between 
I925 and I929. Evidently the relation between total operating in
vestment and the demands for its products was more liberal toward 
the end of the twenties. Comparison of data on reduction in the 
price and cost of ingot between I925 and I929 seems to indicate, 
however, that investment used for ingot sold directly did not 
earn a lower rate of return in the latter-year. If price had been 
reduced as much as the apparent saving in expense, the ratios of 
aluminum prices to the prices of other nonferrous metals would 
have been much lower at the end of the decade. Evidently certain 
parts of the investment only were more liberally adjusted to de
mand. If the less restrictive adjustment occurred in the markets 
for aluminum products, rather than in the markets for bauxite, 
alumina, power, or transportation, the pattern of discrimination 
in prices received for the basic component aluminum was evi
dently altered. 

3. CHANGES IN DEMAND 

Assuming the same degree of utilization of operating invest
ment, a change to a lower rate of return on operating investment 
might result from the movement of prices closer to costs. This 
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might be explained by changes in the character of demands. In 
the next few pages "demand for aluminum" should be understood 
to mean the derived demand prices for the basic component, ex
cept where it clearly refers only to the demand for ingot sold to 
outside fabricators. In the first place, availability of the same or 
greater quantities of a substitute at lower prices than formerly 
would diminish the demand prices for aluminum throughout the 
portion of the demand curve affected by this substitute. Lower 
prices would be necessary in order to keep the same volume of 
sales. Evidently such a change in demand for aluminum occurred 
after 1925 on account of growing quantities of secondary ingot 
offered at lower prices. With rising prices the output of second
ary aluminum increased rapidly up to 1926. In spite of falling 
prices thereafter, it grew slightly in the next three years. The 
same sort of change must have been occasioned by declines in the 
prices of other metals after 1925. Now, if at the same time that 
demand prices for some quantities of aluminum tended to be de
pressed by these influences, the total composite demand for alu
minum and its substitutes was moving forward, the demand for 
aluminum might sooner or later assume a new position which 
showed (as compared with its position prior to any of these 
changes) sections of greater elasticity at horizontal points ahead, 
representing lower prices than those which had been charged be
fore these changes began.44 It seems probable that the demand 
for aluminum underwent changes of the sort just described during 
the years 1926-1929 • 

.. The outcome might be something like that portrayed in the following diagram, 
in which D' represents the demand curve before any of the changes, and D" the new 
position after the various tendencies have worked themselves out. 

7--:\ 
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In the second place, the demand for aluminum would be 
depressed within certain ranges by unfavorable changes in price
utility ratios occasioned by improvements in the quality of sub
stitutes. After 1923 the demands from the automobile industry 
for sheet and sand castings sank markedly. About 1920 large ton
nages of aluminum sheet had been used in the manufacture of au
tomobile bodies, although its price was between seven and eight 
times the price of steel body stock.45 When relative area per 
pound is considered this means that the price of aluminum was 
2.3-2.7 times the price of steel. By 1924 very little aluminum 
sheet appeared in the form of automobile bodies, although the 
price ratio was then slightly more favorable to the light metal. 
Two factors seem to have played the chief part in reshaping the 
demand from this market. Exploration of the lower reaches of 
demand for automobiles encouraged elimination of the more ex
pensive items. It appears that the steel companies were more 
successful in the progressive development of their product.46 In 
the early twenties large-scale production of aluminum bodies was 
not entirely satisfactory, owing to the softness of the metal and the 
difficulty in developing suitable equipment. Nor was steel sheet 
very satisfactory at that time. Then the steel companies devised a 
type of thin sheet suitable for bodies and capable of taking paint 
well. They also cooperated in research with the automobile firms 
to develop satisfactory machinery and technique of manufacture, 
with the result that steel became superior to aluminum in every 
respect save weignt. A few years later the Aluminum Company 
began to make strenuous efforts to regain this -market with the 
strong alloys, which are in many respects admirably suited for 
automobile bodies. With the much larger output of automobiles 
thedeI'ived demand for the basic ingot from this potential market 
was probably more elastic at prices below those prevailing in the 
middle twenties. 

Replacement of aluminum sand castings by Hon automotive 
castings in the first half of the twenties appears to have been the 
result chiefly of the trend to cheaper cars. Other elements tending 

.. The Budd Manufacturing Company, one of the largest body builders, consumed 
10 to I2 million pounds of aluminum sheet per year (BR, p. 145). Price data for 
steel body stock are from Metal Statistics; for aluminum sheet from FTC Docket 
1335· 

.. BR, pp. 145 and 148. 
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to diminish demand prices for aluminum in some markets were 
the development of stainless steel and thin-walled tubular steel and 
improvement in the welding of steel sheet. 

It would appear that the derived demand for ingot contained 
in some of the products fabricated by one-stage firms from ingot 
sold by the company became more elastic at lower prices during 
the latter half of the twenties. This condition and the necessity of 
lowering prices to hold the same volume of business in some 
markets may help to explain the reduction in the price of ingot. It 
must be recalled, however, that the price of ingot was not ap
parently lowered as much as the cost of ingot. As already pointed 
out, the lower rate of return on operating investment toward the 
end of the twenties would be explainable by greater reductions in 
the derived price of the ingot contained in other products, chiefly 
those made largely by the Aluminum Company itself.47 To some 
extent changes in demand of the sort described up to this point 
may have occurred in the case of such products. But the most de
cisive influence contributing to greater elasticity of demand in the 
latter twenties seems to have been the conversion of latent into ef
fective demand through the development of new alloys and prod
ucts. When the curve of effective demand was pushed forward it 
undoubtedly became more elastic at lower prices as aluminum be
came a capable substitute for various alloys of iron, copper, and 
zinc in heavy-duty employments. That is, the demand for the 
basic component in these new uses was more elastic at prices be
low those charged in the years 1924-1925 than its demand in older 
applications. It is to be doubted that these new influences affected 
the actual demand or the price policy to any great extent in the 
first half of the twenties. But during the latter half of that decade 
the aluminum industry was undergoing a process of transition 
from a condition of limited markets to one of diversified markets, 
in many of which the new alloys had to make their way in competi
tion with the established metals, in particular the basic product of 
the uiron age," to a much greater extent than ever before. This 
may be briefly explained as follows. 

A large part of the rapid growth in investment during the latter 
half of the twenties both here and abroad was induced by conver
sion of latent into effective demand through the development of 

• Cf. the analysis in Chap. XVI. 
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new alloys and products, and determination of rules, standards, 
and formulae to assist utilization.48 The immense potentialities 
of industrial application of strong aluminum alloys had always 
appealed to the imagination. The practical possibilities of alloy 
development must have been vaguely perceived before the war as 
a result of the work of Wilm and Rosenhain. Both the potentiali
ties and the feasible achievements were made somewhat more con
crete by experience in the war and the studies of heat treatment in 
government laboratories. The campaign to exploit these possibili
ties was begun during or shortly after the war by the leading 
aluminum firms. In I9I9 the research staff and equipment of the 
Aluminum Company of America were greatly enlarged. During 
the next few years several promising alloys were developed by the 
company's scientific men. The same thing was happening in 
Europe. Commercial application of the pioneer alloys of the du
ralumin class and of the Pacz silicon-aluminum alloys was already 
yielding fruit. By I925 some of the possibilities of I920must have 
appeared as probabilities for I928 or I930. It was reasonable to 
suppose that as demand from these new markets increased in the 
next few years it would exhibit greater elasticity at lower prices. 
It appears that prices of products destined for the new markets 
were lowered markedly and energetic attempts were made to re
duce costs.49 At the same time an intensive advertising campaign 
was initiated to aid in developing the new demands. Many in
formative pamphlets, beautifully designed, have been distributed. 
The number of articles about aluminum products and their uses 
appearing in the trade and scientific press multiplied several times 
in the latter half of the decade. The two-volume work, The Alu
minum Industry, written .by.members of the research staff and 
other;·divisions of the Aluminum Company falls partly into the 
category of educative advertising. In addition to technical analy
sis of. various processes of producing aluminum and its products, 
the book contains an extended exposition of the properties of alu
minum, its alloys, and the products made from them, and a de
tailed and commendably informative explanation of the countless 

.. A description of these developments has been given in Chap. III . 

.. See below, pp. 381 if. It is probable that prices of new alloys in various forms 
and of old alloys in new forms contained a lower price for the basic component than 
it bad returned in several older markets. 
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uses to which they are adapted.1IO Before the depression broke, it 
was clear that the campaign of research, demonstration, lower 
prices, and advertising had moved the curve of effective demand 
ahead appreciably. 

There seems to be an interesting similarity in spirit between the 
program of the last dozen years or so and the campaign in which 
the Aluminum Company cultivated new markets during the first 
fifteen years or so of its life.. Inferences from the number and 
nature of journal articles and the meager historical evidence con
tained in the handful of books on aluminum suggest a marked 
slowing down in this kind of aggressivenes during the first decade 
of the century. In the earlier campaign outstanding discoveries 
of principle were few, doubtless because the adaptation of exist
ing principles borrowed from the fund of experience with other 
metals provided a difficult task and impressive returns. Only 
within the last fifteen years or so does it appear that the majority 
of significant developments in new aluminum alloys and products 
have come from the producers of ingot here and abroad.51 Ther
mit, aluminum bronze powder, and duralumin were discovered in 
Germany by fabricators or government scientists. The Y-alloy 
came from the National Physical Laboratory in England. In this 
country the Doehler die-casting process and the Pacz silicon alloys 
were the result of independent invention.G2 Prior to the twenties 
the major discoveries of representatives of. the Aluminum Com
pany seem to have been the steel-cored transmission cable, an 
aluminum-manganese alloy, and the perfection of a continuous 
roIling mill. 

• It Is unfortunate that the book seems to fall below this high standard in certain 
other respects. One has an uneasy feeling that the impression is conveyed that 
nearly a1\ of the wisdom on things aluminum in this country resides with the Alu
minum Company and a few noncommercial research organizations. Little space is 
devoted to the alloys and products of other domestic fabricators. Apparently the 
names of an engineer who designed one of the most successful types of piston and 
of the person who developed the die-casting process are not mentioned. The his
torica1 description of patent litigation seems to present a somewhat one-sided view. 
Treatment of economic issues concerned with competition and monopoly and public 
relations is superficial and displays an inadequate grasp of the nature of the issues. 

• Cf. Cbaps. I and m, lOIn",. . 
• An article published in 1923 entitled "Twenty Years in the Metal Industries" 

listed four significant achievements in progressiveness in the aluminum industry. 
These were the die-casting process, the Paa alloys, duraIumin, and the introduction 
of continuous rolling of aluminum sheet (Metallndustr'Y, XXI, I, January 1923). 
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After the eye of science descried the latent demand for alu
minum far ahead, it must have been apparent that wider op
portunities were extended to competitive influences. Knowledge 
indicating the possibilities of greatly enlarged consumption of 
aluminum grew' during and after the war. It would have been 
strange if the ranks of potential competitors had not been aug
mented. Threat of the entrance of newcomers might have made 
the expected future demand for the products of the Aluminum 
Company potentially more elastic because of the possibility that 
new firms would engage in price competition. Although the likeli
hood of entry in the United States may have been less in the latter 
half of the twenties/3 it is possible that a somewhat larger operat
ing investment for the later twenties was planned about 1925 than 
would have been undertaken in the absence of this contingency. 
Perhaps it is more likely that the influence of potential competi
tion was exhausted in stimulating acquisition of additional idle 
reserves of ore and power and in inducing more strenuous efforts 
to develop latent demand before others did. 

After 1925 effective demand was pushed closer to ideal demand, 
and operating investment for some uses was apparently adjusted 
to immediate effective demand in such a way that its rate of re
turn was less than that received on many parts of investment 
earlier. Operating equipment for ingot was used to normal ca
pacity until the advent of the depression. Some of the company's 
fabricating plant, however, was probably not operated continuously 
at full utilization.54 Evidently the changed relation between some 
parts of investment and the demands for their products is ex
plained partially, at least, by<increased' elasticity of demand. 
Potential competition from n,ew integrated firmsnere 'and existing 
enterprises abroad in the· new alloy and product development 
probably exerted some impetus towards a 'greater investment 
he~~l>ypresenting an incentive to acquire a larger amount of the 
limited ore lands and power sites and by making it desirable to 
capture the markets for new alloys before others did. It may be 
that, .the possibilities of converting latent into effective demand 
would not have been explored so energetically if it had not seemed 
probable that others would do it in the event that the Aluminum 
Company did not. This is not to say, however, that the lower rates 

• See Chaps. VI and VII. SA See Chap. XVI. 
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of return on some parts of operating investment were caused by 
threat of price competition. It seems more probable that operat
ing investment was affected by potential competition only in so 
far as the latter force helped to induce activities resulting in push
ing effective demand ahead more rapidly and enlarging the amount 
of investment appropriate to maximum monopoly revenue. Fur~ 

ther, it is likely that actual competition from foreign producers 
was similarly limited in its effect. Again, it should be recognized 
that the increase in competition in the development of alloys 
and their products by one-stage firms could influence investment 
used for ingot only in so far as it converted latent into effective 
demand. For such competition would not tend to bring more in
vestment in the stages succeeding ingot than would be appropriate 
to the circumstances of demand and the prices charged by the 
Aluminum Company for ingot or half-products. It other words, 
the Aluminum Company roughly controls the total amount of in
vestment in the competitive finishing stages (wherever virgin in
got is a significant material) appropriate with any given demand 
to normal returns at the finishing stages. 

The widened opportunities for competition by one-stage firms 
in the alloy development, and perhaps the influence of potential 
competition from integrated firms, are attested by the increased 
prominence devoted to the trade name "Alcoa" in advertising of 
the Aluminum Company. The range of variation in the character
istics of pure aluminum ingot, sheet, wire, and the few standard 
alloys made before the twenties was doubtless not great. But spe-" 
cific alloys are by nature differentiated products. An invitation is 
extended" to attempts to convince consumers that those produced 
by a particular firm are generally superior. That trade names and 
advertising will be able to make the individual demand curve of a 
given firm very much less elastic is, however, to be doubted in the 
case of aluminum alloys because of the ability to compare by 
scientific testing the degree to which the desired qualities are 
present in the products of different firms. 

If it may.be concluded that the relation of operating invest
ment to demand was influenced by potential competition and by 
actual competition from European ingot producers and domestic 
one-stage fabricating firms only in so far as these forces induced 
activities which moved effective demand farther ahead, it follows 
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that for those parts of the investment which earned lower returns 
toward the end of the period but continued to be fully utilized 
(if there were any such) investment had not been carried beyond 
the amount appropriate, when fully utilized, to maximum profit -
unless motives' other than maximization of profit were dominant 
or mistakes had been made. In the absence of the latter possibili
ties the improved relation between these segments of investment 
and their demands must have resulted wholly from increased 
elasticity of demand. Unfortunately no one but the executives 
of the company can tell us whether considerations of maximum 
profit were controlling, or whether mistakes were made. 

The case is somewhat more complicated with those parts of in
vestment which earned lower returns in the latter twenties but 
were not used to normal capacity; for here two other possibilities 
enter. Investment may have been pushed beyond the point proper 
to maximum immediate profit, or, indeed, beyond the ideal 
amount, and price set rather low with the purpose both of pre
paring for future increase in demand and helping to develop that 
growth. Or underutilization might be explained simply by cost 
conditions such that the scale of fabricating equipment which 
would pr9duce most cheaply the output appropriate to maximum 
profit was capable of a much larger output. It is impossible on the 
basis of the available evidence to be certain that either one of these 
elements was at work, but considerations presented in Chapter 
XVI suggest that both exercised some influence upon the adjust
ment. Unfortunately, the depression intervened before there had 
been enough experience with the· newer demands to assess with 
assurance their elasticity relative to older demands. However, it 
does not seem improbable that in general the demands for the 
strong alloys and their products will tum out to be somewhat more 
elastic within the decisive price ranges than was true of many 
.older demands for the metal, with the result of a lesser degree of 
restriction of investment devoted to serving these markets and 
,lower rates of return upon that part of total operating investment. 
In proportion as this is so, one would expect that much of the 
fabricating plant underutilized in 1929 would come to be well 
utilized, with lower returns to total operating investment used for 
these markets than the returns received in other markets charac
terized by less elasticity of demand. 
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Finally, in the case of those parts of the investment which 
earned the same or higher returns in the late twenties as they were 
receiving four or five years before, there are three possible ex
planations. With much the same elasticity of demand at both 
times, or less elasticity in the later years,· investment might have 
been roughly equal to the amount proper to maximum monopoly 
revenue at both times. With an increase in elasticity of demand, 
investment might have approached more closely, towards the 
end of the decade, the amount appropriate to maximum profits 
than it had earlier done. Or investment might have been less or 
more at each time than the respective amounts proper to greatest 
profit at each time. There seems little reason to think that in
vestment for these markets was much less during the twenties 
than the amount appropriate to maximum profit with current 
effective demand, in so far as this could be apprehended. 

One other aspect of the matter should be mentioned. Up to 
1919 nearly all of the increase in the Aluminum Company's invest
ment represented reinvestment of earnings. There is no reason 
to suppose that the amount of surplus earnings bore any close 
relation, during any part of the period, to the amount of additional 
investment required for maximum profit. The equivalence of 
these two quantities at any time in any industry would be sheer 
coincidence. However, one cannot infer that prior to 1919 the 
investment of the Aluminum Company exceeded or fell short of 
the amount suited for maximizing profit from time to time. Earn
ings might have exceeded the reinvestment necessary to maintain 
the best size of investment from the standpoint of the company, 
and the excess might have been distributed in dividends, invested 
in other enterprises, or used to acquire idle reserves of materials. 
Dividends were small; and the available material shows no indica-

. tion of large investments in other enterprises except subsidiaries 
engaged in the aluminum business or companies holding or operat
ing sources of power. But substantial acquisitions of idle reserves 
of ore and power were made. Since the quantitative relations in
volved in this problem cannot be determined from the available 
evidence, it is impossible to decide from these considerations 
whether investment was kept about equal to the amount appro
priate to maximum profit or not. The fact that the company could 
doubtless have obtained substantial additions to capital through 
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sale of securities without voting power which carried maximum 
income limitations would suggest that operating investment was 
not kept much below the amount that the executives thought nec
essary for maximum profit with current effective demand. How
ever, with great uncertainties about the consequences of attempts 
to develop latent demand, single-firm monopoly might pursue a 
cautious; unaggressive policy which resulted in a smaller invest
ment and smaller profits than could have actually been secured 
by more rapid and energetic development of variations of the basic 
product. On the other hand, for one reason or another the execu
tives of the company may have maintained an investment larger 
than thafproper to maximum profit. We cannot tell. 

In the period 1919-1929 a total of $III,OOO,ooo of new securi
ties appears to have been sold by the Aluminum Company. When 
account is taken of retirement of securities out of earnings, by 
refunding, or through operations incident to the transfer of some 
properties to Aluminium Limited, the indicated net addition to 
assets of the Aluminum Company through sale of securities in 
this period becomes about $40,000,000. Investment used or in
tended to be used in serving markets within the United States 
appears to have grown by more than $IOO,OOO,ooo in the same 
period.55 Unless the executives were moved chiefly by motives 
other than maximization of profit, one would infer that earnings 
were not sufficient during the twenties to provide for the growth 
in investment necessary for maximum profits. 

It would appear that during the twenties investment for most 
markets did not fall much short,!lf the amounts proper to maxi-

"Since the estimates of investment at the end of 1918 and 1919 (Table 37) 
probably represent understatement as compared with figures< for later years, the 
true increase in total assets in the period 191!)-1929 cannot be determined. (See 
Appendix C.) The figure in the text is reached by the following process. During 
the years'192I-1929 total assets of the Aluminum Company increased from about 
$158,000,000 to $233,000,000, a growth of $75,000,000. In the two years 191!)-1920 
$24,000,000 of notes were sold, and some earnings were reinvested. Furthermore, 
the growth in the period 191!)-1929 of that part of the assets to be used for serving 
markets in the United States must have been greater than the indicated growth in 
total assets, because a substantial portion of the company's assets during the years 
1919-::1927 represented foreign properties turned over to Aluminium Limited in 1928 
in exChange for stock of the latter, which was immediately distributed to stock
holders of the Aluminum Company. The Aluminum Company's surplus was reduced 
about $23,000,000 by this transaction, some part of which represented assets ac
quired before 1919. 
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mum profit with current effective demand; and that investment 
for some markets tended in the latter twenties to exceed the 
amounts that would have been immediately most profitable. Evi
dently the Aluminum Company has successfully rationalized its 
long-run adjustment of investment to demand in most, perhaps 
all, markets. Except during depression underutilization has been 
limited to some fabricating capacity. It seems likely, however, 
that overinvestment has been avoided through a policy of under
investment 68 for some markets at least. 

• With respect to ideal investment. 



CHAPTER XII 

INVESTMENT, PRICE, AND DEMAND - THE FIRST 
EUROPEAN CARTEL 

I. ISSUES AND FACTS 

WE NOW turn attention to the results of the first European cartel 
and the growth of outsiders. It will be recalled that this agree
ment reserved the home markets to the domestic firms and divided 
the competitive market (chiefly Germany) among the. members. 
A minimum price was agreed upon from time to time. There was 
no central sales agency, and apparently no strong centrol controP 
It is plain that this cartel did not entirely eliminate competition 
between its members. The possibility of evasion of quota restric
tions in the competitive market may not have gone unappreciated. 
As in most cartels, competition existed in the form of attempts 
by individual members to exert a controlling influence upon the 
determination of price and quotas. To say the least,. there was 
no single-minded cooperation - the existence of which is neces
sary if a cartel is to function like single-firm monopoly - between 
Neuhausen and the French companies. Moreover, each member 
was free to do as he would with his own investment policy. Dur
ing the life of the cartel the French companies ,increased their ca
pacity relative to that of the AIAG. 

The significant questiom'i' are the following. (I). Did the large 
increase in investment between 1905 and 1914 represent a better 
or worse approximation to ideal investment? (2) Were the in
crease in capacity and attendant fall in price due chiefly to the 
policy of the cartel - i.e., what it would have done anyway in 
the absence of outsiders - or were they occasioned chiefly by the 
influx of new firms? (3) Did the entrance of new competitors re
sult in a large degree of underutilization without much reduction 
in price? (4) Was curtailment of output involving underutiliza
tion practiced by the cartel to increase profits? (The price and 

1 Above, p. 36. 
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production policies of competitors in Europe during depression 
will be compared with those of the Aluminum Company of Amer
ica in a later chapter.) 

The facts seem to have been as follows. Before the formation 
of the cartel, price in Germany had been 2. M. per kilogram.2 Ac
cording to Kossmann the companies were receiving good profits 
with this price.a In 1902 the cartel raised price to about 2.50 M. 
and curtailed production somewhat for two years! The resulting 
surplus energy was used to some extent for the production of other 
commodities.1I During the boom which started in 1904 the price 
of aluminum was raised until it touched 4 M. in 1907. In 1906, 
if not earlier, existing capacity was hardly able to fill the demand. 
After the boom was well under way in 1905 the old companies 
embarked upon programs of great expansion, and new firms en
tered the industry. By 1905 the installed power of three years 
earlier was almost tripled, while 1914 saw in existence nearly five 
times the capacity of ten years earlier.' After the crisis of 1907 
the cartel reduced price several times before its dissolution at the 
end of September 1905. In the next three years reported prices 
fluctuated between 1.05 M. and 1.60 M. With reconstitution of 
market control and enhanced general prosperity in 1912, quota
tions ranged between 1.50 M. and I.SO M. until the outbreak of 
war. These prices were much below the price charged during the 
first years of the cartel and were equivalent to about half of the 
amount secured during the boom. 

Production expanded in about the same proportion as capacity 
between 1905 and 1913. Using the capacity figures of Table II, 

it appears that for every ton of aluminum produced in Europe in 
1905 there existed 9.3-10.6 h.p. This ratio fell to 7.S the follow
ing year - obviously because more power was devoted to alu
minum and less to other commodities - rose to about 15 in 1905 

• Prices In Germany are given by the MetaDgesellschaft (reported by GUnther, 
0': cie" p. 14). The trend of price movements in other European countries was un
doubtedly the same, although the prices were apparently not always exactly equiva
lent in aD countries. Figures of average yearly prices in France somewhat lower 
than the German prices are reported in AG, 1913, Partie sup" 192. Escard (0', cie., 
p. 55) gives French prices roughly equivalent to the figures of the Metallgesellschaft 
for Germany. 

'01. cie" p. 114. This was not true of the British Aluminium Company, but see 
below, pp. 269. 

• Bannert, 01. cie., p. 33. • Gautschi, 0'. cie., p. 47. • See Table II, p. 123. 
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on account of the conjuncture of large new capacity and depression, 
and fell to 10-10.5 in 1912 and to 9.5-10 in 1913.7 In so far as 
the estimates of installed capacity and of production are reliable, 
it may be inferred that about the same proportion of available 
energy was devoted to aluminum production in 1913 as in 1905. 

Since there was probably little unused capacity in 1905 it seems 
reasonable to presume that plant was well utilized in 1913. Hence, 
unless the lower level to which price had fallen yielded less than 
normal profits in 1912-1913 there is no reason to believe that the 
tremendous expansion carried investment beyond the ideal amount 
with reference to the state of the world market as a whole. Euro
pean investment may have been somewhat greater than the ideal 
amount for European demand alone, since large exports were 
being sent to America. Their ready reception here supplements 
other indications that the Aluminum Company's capacity was too 
small.s 

Although the financial data are very unsatisfactory for our pur
poses, they afford some indication of the course of profits of the 
European companies. By 1906 the AIAG had accumulated an 
amortization account, through annual debits to 'profit and loss,9 
which represented just about 40 per cent of the 26,000,000 francs 
standing on the books as original cos~ of fixed capital; IIi 1910 

the amortization account was equal to about 29 per cent of fixed 
capital, which had increased to a little more than 53,000,000 

francs. Three years later amortization had grown to about 38 
per cent of fixed capital, which had remained approximately the 
same. Evidently there were lumped togeth~r jn. this account true 
depreciation, reserves for obsolescence or ,anything which might 
impair the value of the old capital, aJ?d reinvestment of earnings. 

• The "higher figures for 1912 and 1913 result from inclusion of 20,000 h.p. as
cribed to the'two plants at Beyrede and Venthon, which were not used for alu
minum after their purchase by l'Aluminium Fran~. 

8 Above,.p. 238. 
• Annual reports of the AIAG for the years 1901-1910 are reprinted in Dux, 

op,·cit";, pp. 49 ff. Data for the years 1911-1913 have been taken from the Scbweis
eriscbes ,Finans-labrbucb. In 1906 and 1907 a premium of 16,480,531 francs re
sulting from sale above par of 10,000,000 francs par value of new shares (50 per 
cent paid up) was charged to a special "Bauabschreibungskonto" which was later 
merged, into the general amortization account. Since it is desired to show only 
the amounts accumulated out of gross income this premium has not been included 
in the amortization account in computing the percentages given in the text. 
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(No surplus was accumulated; earnings not distributed in the 
form of dividends or tantiemes, or charged to a very small reserve 
account, went into the amortization account. The annual charges 
to the latter reflect the ups and downs of gross income.) Further
more, it was admitted on several occasions by officers of the com
pany that substantial secret reserves existed.10 Hence it is quite 
impossible to discover, even approximately, the actual earnings 
record of this firm. That it was unusually profitable can scarcely 
be doubted, however. In addition to accumulating the large amor
tization account and indeterminate secret reserves, the company 
distributed dividends averaging 10 per cent of paid-up share 
capital in the nineties and 17 per cent in the decade 19°1-1910.11 

During the depression and recovery, dividends equaled the fol
lowing percentages of paid-up share capital, which represented 
perhaps one quarter of total assets less real depreciation: 1908-18, 

1909-12, 1910--14, 19II-14, 1912-2°, 1913-20. This com
pany suffered no losses in 1908 and 1909. By reducing markedly 
the annual charges to amortization it was able to payout of gross 
income nearly the whole of the interest charges, dividends, tan
tiemes, and similar disbursements in these two years.12 During 
1910 and 19II earnings remained small. The record of 1912 

showed appreciable improvement, which was followed by a striking 
increase in the next year.18 One receives the impression that the 
AIAG gained very large profits during the years 1901-1907, en
joyed some earnings in the depression, and made good returns in 
the few years before the war. 

Earnings data for the two large French companies indicate that 
their records were similar to that of N euhausen, although some
what less profitable.H It appears that during the years 1902-1907 

the Froges concern received earnings - after charges to a renewal 
fund which evidently represented a reserve for depreciation and 
obsolescence - which were equivalent to an average return of 

.. See Dux, 01. ci,., p. 40, and Gautschi, 01. cit., p. 59. 
II Annual dividend percentages are given by Dux, 01. cit., p. 34 . 
.. See data in Dux, pp. 38-.39, 84-89. The division of earnings between aluminum 

and calcium carbide cannot be ascertained • 
.. Accepting the actual amortization charges, which may have been inadequate, the 

rates of retum on undepreciated book value of total assets were about as follows: 
1910 and 1911-4 per cent; 19J2-5 per cent; 1913-8 per cent • 

.. Financial reports for 1901-1910 are reproduced in Kossmann, 01 ci,. 



268 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

about 10 per cent on undepreciated book value of total assets.15 
By 1909 reserves equal to about 30 per cent of fixed investment 
had been accumulated. Since the method of computing rates of 
earnings probably overstates investment (no depreciation is de
ducted) and understates earnings, it would seem that returns could 
not have been less than normal and may have been much greater 
than normal. If secret reserves were accumulated, the latter is 
more likely. In the two depression years the company reported 
no losses, although no charges were made to the renewal fund. 
It paid an average dividend in these two years equal to about 
half the average annual amount distributed in the years 1905-1907. 
In 1909 the dividend was paid from revenue. The indicated earn
ings of the Alais firm were slightly less than those of the Froges 
enterprise during prosperity and slightly more in depression.10 

Available data on earnings of the French companies during the 
years 1910-1913 are fragmentary., Although prices in France 
seem to have been lower in 1910 and 1911 than during 1909, it 
appears that the companies fared at least as well during these two 
years as in 1908 and 1909, owing to a larger volume of sales. An
nual reports indicate that in both 1910 and 1911 the Alais firm 
earned approximately 5 per cent on book value of assets, or about 
the return received in 1909.17 It was said that the French com
panies came through the bad years 1909-1911 without serious 
damage.1s The earnings of five firms, including the AIAG, the 
Compagnie Alais, and three of the French independents; were 
reported to be appreciably greater in 1912 than in the preceding 
year.19 The higher prices following upon reconstitution of the in-

lli Presumably book value of capital assets represented original cost. The figures 
of book value used as a base for computing rates of return were gross values without 
deduction of the amounts in the renewal account. The rates of returD. for individual 
years, expressed in per cents, were as follows: 

1902 - 6.2 1905 - 124 1908 - 1'.8 
1903~ 6.5 1906-22.1 1909-44 
1904 - 104 1907 - 6.0 1910 - 4.9 

lONo amortization account appears on the balance sheets of this enterprise, al
though it is shown in the profit and loss account. Unspecified reserves on the bal
ance sheets remained about the same during the years 19°4-19°9. They equaled 
20 per cent of book value of capital in 1909 • 

.. AGj 19II, Partie sup., p. 240; ibid., 1913, pp. 2367-2368. 
lO AG, 1912, Partie sup., p. 371. 
18 AG, 1913, Partie sup., p. 191. In 1912 the Compagnie AIais earned more than 7 

per cent on book value of assets. 
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temational cartel could have exercised little influence upon the 
revenues of 1912, inasmuch as the majority of sales in that year 
had been contracted for at lower prices. Hence in the light of 
general business conditions we may presume that earnings of all 
companies improved markedly in 1913. It might be inferred that 
the old firms were earning at least normal returns. 

The British Aluminium Company presents a different record. 
It was forced to reorganize about 1901 and again during the next 
depression. Its reports show earnings during the four boom years 
1904-1907 equivalent to about 6 per cent on book value of total 
assets.20 No reserves or depreciation account appear on the 
balance sheet. Apparently this company was not obtaining normal 
profits. This result should not be· regarded as a symptom of 
general overinvestment in the industry, however, for it seems very 
questionable whether aluminum reduction in Great Britain was 
economically justifiable. Kossmann reports that the Kinlochleven 
power development, where a very large dam was required for 
collection of water in the lake, was too costly for economical pro
duction.1t Investment per horsepower at Kin1och1even was about 
$300, while the original cost of power developments at Neuhausen, 
Rheinfelden, and Lend-Rauris seems to have been something less 
than $200, $235, and $100 per horsepower, respectively.22 It is 
probable, too, that British wage costs were above those on the 
Continent. The fact that this company turned to Norway for ex
pansion before any of the others seems to confirm the view that 
production in Great Britain was not economical. 

It has been impossible to secure much information about the 
financial condition of the new entrants. It was said that the Italian 
firm, the Societe des Pyrenees, and the Societe du Sud-Est oper
ated with losses during the depression, while the Societe du Sud
Ouest and the Aluminium Corporation failed." Even if their en
trance had not been greeted by depression, it is probable that 
some of the newcomers would have suffered losses for a few years. 
Doubtless the capacity of 1908 could not have been fully utilized 

• The reports are reprinted by KoSSDWIII. 
• 0,. ae., p. 49. 
• Calculated by dividing horsepower of each into the original cost (as given in 

1910 report of the company) of IIll plant at each Ioc:atiOD. Cf. KOSSDWIII, DI ae., 
p.80. 

• KOIISJJWIIl, pp. 1 II, 11$. 
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immediately had prosperity continued. More significant than their 
failure to earn during the first few years of their existence is the 
fact that none abandoned the field except to sell out to members of 
the cartel, and that the latter operated all the plants so obtained, 
with the exception of the two at Beyrede and Venthon, whose 
capacity was certainly not more than 20,000 h.p. and probably 
much less. 

Consideration of the changes in price and the probable amount 
and change in cost of production support these impressions of the 
profits of aluminum producers in Europe. Price in 1912 and 1913 

was scarcely half of the average for the boom years. Undoubtedly 
cost per unit had been decreased somewhat by the larger power 
developments at Chippis, I'Argentiere, and St. Jean, and it does 
not seem improbable that some reduction in general expenses per 
unit occurred with the transition from a small to a rather large 
annual output. Perhaps· some economies were obtained from 
larger alumina works, and from integration. It is not likely, how
ever, that unit cost was cut in half.24 Much lower profits than 
those of 1904-1907 seem more probable. While cost estimates by 
persons outside the aluminum companies may not be considered 
altogether reliable, it is interesting to note that all the estimates 
for pre-war cost which I have discovered tend to support them,. 
terpretation given above. In 1909 Lodin estimated that the cost 
per kilogram in France under the most favorable circumstances 
was about 1.20 fro (0.97 M. per kg. or 10.5 cents per lb.); while 
the average cost for all French companies was 1.305 fro (1.05 M. 
per kg. or 11.4 cents per Ib.).25 These figures apparently included 
interest and depreciation on fixed investment, but no general ex
pense or profit. Kossmann, who inchided general expense as well 
as interest and depreciation, arrives at an estimate of 1.36-1.50 fro 
per kilogram (1.10--1.20 M. or 12-13 cents petIb.) for the older, 
well-established firms. The Frankfurter Zeitung hazarded the 
opinion that with a price of 1.50 fro per kg. (1.20 M. per kg. or 13 

cents per lb.) the aluminum companies were not incurring los,ses, 
and the Mineral Industry concluded that cost in Europe (without 
profit) ranged trom 1.20 fro or 0.97 M. to 1.50 fro or 1.20 M.28 In 

.. See Cbaps. VIII and IX. 
"Reported in MI, xvm, 20 (I909). 
"Ibid. 
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1910 Professor M. G. Flusin estimated that average cost per kilo
gram was about 1.50 fr.27 Two estimates published in 1917 and 
1919 were 1.30 fro and 1.25 fr.28 During the years 1908-1914 the 
prices reported for Germany were below 1.20 M. only for a part of 
19II. In the following two years they averaged about 1.60 M. 
The degree of accuracy of the figures published by the Metall:.;. 
gesellschaft cannot, of course, be known with certainty. Actual 
prices received may have been lower. The lower of the two series 
of prices in France, which may perhaps register actual prices re
ceived more nearly than the higher figures of the other series, shows 
an average price of 1.50 fro for 1909, 1.30 fro for both 1910 and 
19II, and 1.40 fro for 1912. 

2. CONCLUSIONS 

THE foregoing analysis suggests these conclusions. Until the 
end of the boom, capacity was much below an amount which under 
existing demand conditions would have yielded only normal re
turns when best utili2ed. By 1912, although a depression had in
tervened, a greatly enlarged investment was being well utilized 
at much reduced prices which enabled almost all of the investment 
in the industry to earn moderate returns. While the amount of 
investment which would have yielded normal returns when best 
utilized may have been somewhat exceeded in the years 1912-
1914, the excess was probably not very large. 

Two additional considerations support the conclusion that the 
actual investment of 1912-1914 represented a much better ap
proximation to the ideal investment for that time than was true 
of the relation between existing and ideal investment of 1904-
1906. The trends of production, prices, and consumption through 
the years 1904-1909 reinforce belief that investment was much 
too small and price much too high during the boom. Although 
production of aluminum in Europe was a little greater in 1908 
than in any preceding year, and increased much more in 1909, the 

II AG, 1912, Partie SUP .. p. 371. 
• By Guillet and Goldschmidt. See Gautschi, 0'. cil., p. 58. The rates of output 

used as a basis for computing the various cost estimates here presented were in no 
case explicitly stated. Inasmuch as some of the estimates were compared with prices 
it seems reasonable to infer that those cost estimates related, roughly at least, to 
aisting rates of output. 
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stocks which accumulated in 1907 and 1908 had nearly disap
peared by the end of 1909.29 Now it is unlikely that the demand 
schedule in 1909, before recovery had gone far, was located to· 
the right of that for 1907, so it seems most probable that much 
of the increase'in consumption in 1909 was due to the fall in 
price. It may be inferred that prices considerably lower than those 
actually prevailing during the preceding boom would have carried 
off the output of a much larger investment without bringing less 
than normal returns to capital and enterprise. Secondly, according 
to Kossmann, the four old companies had not troubled themselves 
much to develop new applications for aluminum.30 It was not until 
1908 that they entered upon an aggressive marketing campaign to 
push the demand schedule to the right. This explains part of the 
increase in consumption which enabled the investment of 1912-
1914 to return good earnings when operating at somewhere near 
best utilization~ Thus it appears that the investment and price 
policy of 1904-1907 was still farther removed from the ideal than 
has already been indicated. It follows also that, although the 
capacity of 1908 might have represented temporary overinvest
ment even had prosperity.continued, it was not too large to yield 
profits when markets were energetically cultivated. Of course, it 
was too large an investment for the actual demands of ·the depres
sion years, but it is obvious that the ideal long-run adjustment of 
investment to demand inevitably results, in most industries, in 
some overcapacity during depression. When attention is turned 
away from this to the question of adjustment of investment to in
creasing demand it becomes apparent that the trouble was not too 
much capacity in 1908-1909 but too little in 1905-1907. 

The objection may be raised that;- since facilities for aluminum 
production cannot be expanded quickly, it is impossible for alu
minum producers to keep up with increasing demand during a 
boom.31 It is manifest that, on account of the inelasticity of facili
ties which has been described above,82 aluminum capacity must 

,lIO Statistische ZusammensteUungen, XVI, 16 (1915)-. Very little of the increase 
in tonnage sold in 1909 is to be acc!>unted for by exports to America. The total of 
imports into the United States in 1908 and 1909, of which some part probably came 
from the Canadian subsidiary of the Aluminum Company, was only about one
twelfth of the European production in these two years . 

.. Op. cit., pp. 67, 73-74. 
11 Cf. Gautschi, op. cit., pp. 45 ff. II Pages 212-213. 
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often either anticipate or lag behind rapid bursts in growth of 
demand. Plainly, the best balance of interests of producers and 
consumers requires more expedition in adjustment to increasing 
demand than occurred in the instance at hand, where expansion 
lagged far behind demand before and during the boom. But in 
1905 and 1906 plans were launched whose fruition in 1908 enabled 
investment to anticipate somewhat the expected demand of the 
next year or so - i.e., the probable demand without consideration 
of depression. It would appear that depression and dissolution of 
the cartel resulted in a greater fall in price than would have 
occurred otherwise; and that these circumstances spurred the pro
ducers to aggressive cultivation of new markets, some part of 
which would seemingly have been required anyway to utilize the 
additional capacity created by the next wave of expansion, which 
may have resulted in some temporary overinvestment in the last 
two years before the war. 

From the standpoint of rationalization the results of cartel con
trol were not salutary. It is hardly likely that substantial over
investment would have developed had the old companies remained 
independent. Evidently cartel control was not really necessary 
for rationalized coordination of supply and demand. If it be con
tended that the rise of outsiders, which certainly helped to bring 
about desirable results with respect to investment and consump
tion, spoiled the proper adjustment of investment by the cartel 
members to the expected demand of 1908-1910, it should be 
recognized that the cartel directly invited the invasion by its in
vestment and price policy. Without cartel control, investment and 
consumption might have expanded earlier. If it be assumed that 
that would not have occurred, it follows that market relationships 
were not appreciably influenced by the existence of the cartel, and 
that more advantageous relations between actual and ideal in
vestment and price were, in any event, to be obtained only by the 
influx of new firms attracted by large profits. 

Until about 1908 investment and price policy in Europe and 
America were quite similar. The price increase in America was 
more restrained, and perhaps investment was expanded about a 
year sooner here, but capacity and price were evidently far from 
the optimum on both sides of the Atlantic. After 1908, however, 
the activities of producers in Europe and America seem to have 
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exhibited a decided contrast. It seems clear that there was a much 
closer approximation to ideal investment in Europe than in 
America, where the Aluminum Company waited until 1912 to 
begin new construction. The evidence suggests that it was not 
until 1915 that completed capacity in America would have been 
sufficient (perhaps somewhat more than sufficient) to care for 
actual demand at prices yielding only· normal profits. The better 
investment and price situation in Europe must have had an in
fluence, expressed through imports into the United States,33 upon 
the situation here. 

It cannot be concluded with assurance that, simply because the 
better approximation to ideal investment and price came after the 
rise of outsiders, it was chiefly due to replacement of cartel con
trol by competition between several concerns; or that in the ab
sence of cartel control, investment, production, and price policy 
in the years 1901-1907 would have been better. It is quite clear 
that after the formation of the cartel the four old European com
panies "sat back" and enjoyed the generous profits yielded by 
price controp4 Apparently little effort was made to push their 
relatively unknown product into new uses. In fact, the price in
creases during the life of the cartel were greater than the average 
increase in prices of other metals.35 Would the situation hav~ been 
any better had the four not joined in the loose cartel? Certainly 
it must have been difficult to assess the probabilities of the growth 
of the infant automobile industry in 1902:""1904, when, as hind
sight shows, extensive enlargement of, plant should have been 
started. Nevertheless, it is not unlikely that if the four had re
mained altogether independent, some would have been more ven
turesome and more aggressive in marketing thap. they were as 
members of the cartel. The investment and price policy of the 
cartel constituents before 1905-1906 was appropriate for large 
profits with a static or slowly increasing demand and exhibited at 
the . same time a method of "playing safe" with respect to the 
possibility of a large and rapid growth in demand. Although the 

.. See below, p. 317. 
'11 Cf. Kossmann, Bannert, Gautschi, Giinther . 
.. See Bannert, op. cit., pp. 33-35. Price increases during a boom may be desirable 

rather than otherwise from the social point of view. But both the level from which 
they start to rise and the degree of the increase may be, as seems to be true in this 
case, undesirable. 
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cartel was not capable of a definite common or central policy, and 
although it did not, of course, control the investment programs of 
its members, it would not be surprising if the fact of concert in 
market control and the reservation of home markets 86 tended to 
lessen venturesomeness. 

Certainly the growth of outsiders was not required to show the 
older companies that demand was in fact increasing with great 
rapidity during 1904 and 1905. In any case the latter would have 
expanded their plant considerably, as the single firm did in Amer
ica. In the absence of the twin plagues, outsiders and depression, 
the cartel members might have enlarged total capacity in the in
dustry to the point which it actually reached in 1914 even if the 
cartel had hung together. If this had happened it would probably 
have been the result of energetic rivalry for the largest share of 
the growing demand. But if market control, even of the weak 
sort exhibited by the cartel, had been preserved throughout, it is 
extremely doubtful that price would have been allowed to fall so 
far. Although, in an attempt to deal with the outsiders, the cartel 
reduced price several times before its demise late in 1908, it tried 
to keep price much above the depth to which it fell in 1909, which 
was, if anything, a better business year. The outsiders, the depres
sion, the large increase in investment, and competition between 
the old firms themselves all contributed to the great fall in price. 
Given the low price of 1909-1911, it was imperative to cut costs 
and widen markets. The active competition of these few years 
was both a cause and a result of the low price. Furthermore, after 
three years of lower prices and expanding markets it might have 
been impossible, without seriously reducing demand, to raise price 
upon reconstitution of market control to the level at which the 
cartel would very likely have held it in the absence of internal or 
external difficulties. The demand curve in 19I2 was certainly 
shaped somewhat by the experience with the low prices of the 
preceding years.1T Hence it seems unlikely that the cartel, if left 
untouched by internal or external forces of disruption, would have 
brought into existence the actual capacity of 1913-1914. And it 
appears still more unlikely that this capacity, if introduced, would 

• At this time only the French market was protected by a high tarilf. 
• Both the president of the AIAG and the board of directors of the AIais firm 

esplicitly recognized that the great increase in consumption had been stimulated 
by the low prices (AG, 1913, p. 2365 j ibid., 1912, Partie sup., p. ISo). 
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have been operated at fairly high utilization with such low prices. 
Uninterrupted price control would doubtless have resulted in 
higher price, less expansion of demand, in both the market and 
schedule senses, and either smaller capacity or a lower degree of 
utilization, or both. 

The third and fourth of the questions set at the opening of this 
section may be answered from what has already been said. The 
entry of new firms did not result in substantial underutilization 
with little reduction in price. They engaged in price competition 
with the older companies, and after the ,dissolution of the cartel 
all of the producers acted, much of the time at least, like competi
tors rather than as a monopolist, with the result that price fell to 
a point which permitted good utilization. This may have resulted 
as much from a belief that substantial gains would attend a lessen
ing of the broad span between actual and latent demand as from 
the impact of depression forces, under which monopolistic agree
ments, to say nothing of monopolistic tactics pursued inde
pendently by a few firms, often crumble. 

With a slowly increasing demand in 1902-1903 the cartel mem
bers devoted less of their horsepower to aluminum and more to 
other products in order to raise the price of the former and gain 
greater profits. The same thing may have been done in 1912-

1913. Whether underutilization of reduction works occurred at 
either period cannot be known, because there are no reliable 
figures of capacity of reduc~ion works. 



CHAPTER XIII 

INVESTMENT, PRICE, AND DEMAND IN EUROPE 
DURING THE POST-WAR DECADE 

I. EARNINGS 

MONOPOLISTIC influences in the post-war European aluminum 
industry have existed in the form of national monopolies with 
varying degrees of government protection, subsidy, and operation, 
and instruments of international market control which, until very 
recently at least, became increasingly stronger every few years. 
Nevertheless, elements of competition were probably somewhat 
stronger in Europe than in the United States throughout most of 
the post-war period.1 In this chapter some of the results of market 
control in post-war Europe will be examined. Trends in earnings, 
prices of aluminum and competing metals, capacity, and propor
tionate utilization of equipment will be studied for evidence bear
ing upon changes in the relations of actual to ideal investment, 
output, and price. 

Table 18 exhibits the results of study of the earnings of the 
three leading European aluminum companies.1 These will be con
sidered in the order in which they appear in the table. 

The Compagnie AFC evidently shows the original cost of its 
operating equipment on the balance sheet. Reserves for deprecia
tion, depletion, and obsolescence are apparently accumulated in an 
account labeled A mortissement General. Annual charges to this 
account are deducted from gross earnings. Other reserves, un
specified as to purpose, are taken out of net earnings.' The 
amounts credited to amortissement general probably represent a 
substantial amount of reinvestment as well as true capital charges/' 

I See above, Chap. vn, 1aSsi"', 
• The data have been taken from the published annual reports of the companies. 
• No surplus account is used. What would be called surplus in American procedure 

Is distributed through the accounts mentioned. 
• In the report of this company for 1931, it is said (p. 5) that the reserves include 

reinvestment. 
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TABLE 18 

RATIOS 01' EARNINGS TO INVESTMENT 01' THREE EUROPEAN 

ALUMINUM COMPANIES, 1922- 1935 

COMPAGNIE AFC 

Year Undepreciated Net Earnings t Rate of Return 
Investment * (Fr. z,ooo) (PerCent) 
(Fr. z,ooo) . 

1922 347,910 13,904 4·0 
1923 363,830 17,040 4·7 
1924 421,750 21,123 5·0 
1925 504,270 30,867 6.1 
1926 622,300 48,303 7·8 
1927 718,693 53,912 7·5 
1928 782,643 63,434 8.1 
1929 925,000 67,823 7·3 
1930 1,093,557 61,792 5·7 
1931 1,241,832 37,286 3·0 
1932 1,305,301 12,867 1.0 
1933 1,325,357 29,668 2.2 
1934 1,349,845 27,543 2.0 

AIAG -NEUHAUSEN 

Yeu Undepreciated , Net Earnings t Rate of Return 
Investment * (Fr.z,ooo) (PerCent) 
(Fr. z,ooo) 

1922 137,375 4,150 3·0 
1923 139,130 8,020 5.8 
1924 144,835 Il,635 8.0 
1925 155,750 12,280 7·9 
}926 159,990 10,905 6.8 
',1927 161,730 Il,755 7·3 
1928 168,515 10,935 6·5 
1929 183,665 Il,575 6·3 
1930 , 206,980 7,970 3·9 
1931 216,255 6,555 3·0 
1932 215,000 5,130 2·4 
1933 213,500 4,175 2.0 
1934 215,000 4,755 2.2 
1935 214,000 5,u5 2·4 
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TABLE IS - Continued 

VEREINIGTE ALVlIoIINIUlIoIWERXE A. G. 

Year Depreciated Net Earnings ~ Rate of Return 
Investment * (RM z,ooo) (Per Cent) 
(RM z,ooo) 

1924 34,900 3,570 10.2 
1925 42,580 3,870 9.1 
1926 48,660 4,170 8.6 
1927 51,240 4,335 8·5 
1928 55,750 4,355 7.8 
1929 55,870 3,460 6.2 
1930 55Aoo 2,295 4·1 
1931 59,530 1,530 2.6 
1932 66,825 1,495 2.2 
1933 65,670 618 0·9 
1934 58,040 1,650 2.8 
1935 62,215 2,998 4.8 

• Average of total assets (undepreciated or depreciated as indicated) at 
beginning and end of year adjusted for sales of new securities and retirement 
of funded debt when information was at hand. Funds held for current 
dividend payments have been eliminated. 

t Net earnings before interest. * 1924-1930, net earnings after interest. Funded debt of this company has 
been negligible, but current obligations have always represented a substantial 
part of total liabilities. It was impossible to discover annual interest pay
ments before 1931. 1931-1935, net earnings before interest. 

for the total of this account was equivalent to about 23 per cent 
of the gross value of fixed assets plus investments in 1923,33 per 
cent three years later, 37 per cent in 1929, and 36 per cent in 
1933.1 For this reason computation of investment by subtracting 
from total assets the balance sheet total for amortissement general 
each year would understate investment appreciably, and so tend 
to overstate the rate of return. Hence the ratio of net earnings to 

• It is not dear from the reports that this account has been debited at the time 
of retirements. It is increased each year by exactly the amount charged to it in the 
profit and loss account. Since it would be absurd to suppose that it has not been 
debited for retirements (the reports mention credits to plant account for retize
ments) it is reasonable to assume that the retirement debits to amortissement have 
been made before dosing the account to profit and loss. 
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undepreciated investment (i.e., the total gross value of assets as 
given each year) has been taken. The resulting percentage ratios 
are, of course, much less than the true ratios. 

The figures for net earnings of the Compagnie AFC given in 
the table represent reported gross earnings less the annual charges 
to amortissement. Thus they include interest charges. They could 
be regarded as true net earnings of capital if the annual charge to 
amortissement were not so large after 1923. In each of the fol
lowing two years, more than 5 per cent of original cost of fixed 
investment was charged against gross earnings to this account; 
in each of the four years 1926-1929 more than 10 per cent of fixed 
investment was deducted. The percentage fell to about 8 per cent 
in 1930 and 3-4 per cent in the next three years. It has already 
been remarked that the life of a large part of the fixed investment 
is very long. The rates of return shown in the table are much 
smaller than the true ratios of net earnings to investment through
out, because the undepreciated investment base is somewhat larger 
than true investment. For the years 1926-1929 at least the degree 
of understatement is probably magnified by the large charges to 
amortissement.6 

On the surface there seems to be a contrast between the trend 
in rates of return for this company and the trend for the two other 
European companies and the Aluminum Company of America. 
Studies of the earnings records of the latter all suggest falling 
ratios after 1925, while the . French company appears to have 
earned larger returns in the latter half of the twenties. This is to 
be ascribed chiefly to improved utilization of capacity and higher 
prices incident to currency depreciation. In the period 1922-
1924 the ~ompany was evidently unable to utilize its equipment to 
the full. In order to meet the rapidly expanding demand it was 

• If 5 per cent of fixed investment plus investments, which is, perhaps, quite liberal, 
had been charged to depreciation in each year 1925-1929 the indicated net earnings 
and the ratios would have been as follows: 

Earnings 
(Fr. z,ooo) 

1925 .............. 33,000 
1926 .............. 61,100 
1927 .............. 68,300 
1928 .............. 79,500 
1929 .............. 81,500 

Ratio 
(PerCent) 

6.5 
9.8 
9·5 

10.2 
8.8 
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forced to purchase metal abroad, doubtless at high prices.' It was 
not until 1926 that inventories began to approximate a normal re
quirement. French prices of ingot rose rapidly between 1922 and 
1926. The subsequent decline left the ingot price 25 per cent 
higher in 1929 than it had been in 1924. 

In 1926 price (in paper francs) stood 60 per cent above the 
average for 1924.8 Production had grown by about a quarter, and 
gross earnings (gross sales minus operating expenses) by about 
120 per cent, or 20 per cent more than the increase in gross sales 
indicated by the changes in output and price. If gross sales of 
fabricated aluminum and of other products of the company kept 
step roughly with the changes in gross sales of aluminum ingot, 
operating expenses must have failed to increase quite as much. 
The higher rate of return indicated for 1926 is explained by the 
fact that net earnings were about I2 8 per cent larger than two 
years earlier, while investment was only 48 per cent greater. 

After the formation of the cartel in 1926 the price of aluminum 
was reduced. In 1929 it was 25 per cent below the average for 
1926 in France. Output had been enlarged only about 15 per cent 
by 1929. Evidently gross revenue from aluminum ingot declined 
somewhat. Gross earnings from all operations were reported as 
107.8 miI1ion francs in 1929 as compared with 77.3 miI1ion francs 
in 1926 - an increase of 40 per cent. Net earnings showed about 
the same percentage increase. Investment was expanded by nearly 
50 per cent, with the result that the rate of return declined· 
slightly. The larger gross earnings might be explained by different 
factors. They may have been due in varying degree to increasing 
profitableness of commodities other than aluminum, to a policy 
of carrying more ingot through later stages, to decreases in the 
prices of fabricated goods which were less than the drop in the ingot 
price, or to reductions in the expenses of producing aluminum or 
its products. It is known that the cost of ingot declined somewhat 
in these years. Since aluminum is the company's principal prod
uct, it is scarcely probable that the whole amount of the increase 
in gross earnings was occasioned by increasing profits on other 
commodities. It would not appear that the rate of return upon 
investment devoted to aluminum was markedly higher or lower 

• See BllDual reports. 
• Prices are givm In the Rev," de I' aluminium. 
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at the end of the twenties than three years earlier. The informa
tion available is too meager for even a sophisticated guess as to 
whether operating investment was a smaller or larger proportion 
of total investment in 1929 than in 1926. In both years appre
ciable amounts of investment must have been locked up in power 
developments in process of construction and in idle bauxite 
reserves. 

The AIAG of Neuhausen also states gross value, presumably 
original cost, of its equipment on the balance sheet. No surplus is 
accumulated, and reserve accounts remain small. Depreciation, 
depletion, obsolescence, other reserves, and reinvestment are evi
dently lumped together in Amortisation. Inasmuch as Amortisa
tion equaled 80 per cent of fixed investment at the end of 1921, 
and 75 per cent of the gross value of participations in subsidiaries 
was also amortized,' the same procedure has been followed in 
calculating rates of return as in the case of the French company. 
The gross stated value of all assets is taken as the base. To the 
reported figure of net earnings (after general costs, taxes, and 
Amortisation charges) have been added the .~ual amounts of 
interest paid, calculated approximately froll\ data on obligations 
outstanding and their rates of interest. In proportion as the unde
preciated investment is larger than true investment the- ratios are 
smaller than the true rate of earnings. Although plant ,cannot 
have depreciated to the extent that it has been written down, 
actual accrued depreciation may be greater than in the case of the 
Compagnie AFC because some of the plant is older. It is not true 
in the case of the AIAG, however, that the indicated rate of earn
ings is still further understated by large annual charges to depre
ciation. Deductions from gross earnings for Amortisation aver
aged only 2 per cent of gross value of fixed capital in each year 
during the period 1925-1929.10 The balance sheet and income ac
count of this company do not consolidate the operating properties 
and returns of subsidiaries. Hence the ratios shown in the table 

• The A mortisatiofl account is split into two parts, one of which applies to fixed 
capital, the other to participations. 

"'The fixed plant investment was maintained at a net depreciated value of around 
:I5 million francs, while gross value grew to more than 80 million francs. Large de
preciation charges in the twenties would have entirely wiped out the net value of 
fixed capital. In the past five years gross value of plant has heen about 90 millions 
and net value around 20 millions. 
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represent understatement according as the earnings of subsidiaries 
were larger than their dividends to the AIAG, or overstatement 
according as the securities held by the latter were carried at a 
gross value much below the true value of the property they repre
sented. 

The lower rate of earnings of the AIAG after 1925 seems to be 
unquestionable. Evidently it was due chiefly to the lower prices of 
aluminum. It may also reflect increased difficulty in finding mar
kets abroad except at still lower prices than those charged in the 
leading European markets. Between 1925 and 1929 investment 
increased by about 18 per cent. Production estimates show a 
growth of 13 per cent. It is not clear whether more ingot was being 
carried through later stages in the latter year. Gross earnings fell 
in 1929 to a figure equivalent to about 7 per cent less than four 
years earlier, while net earnings were reduced by about 6 per cent. 
As in the case of the French company it is quite possible that the 
return to investment devoted to aluminum diminished somewhat 
more or somewhat less than the figures of return on the whole in
vestment, because this enterprise also makes other products. It 
does not appear that the proportion of operating to total invest
ment changed much between 1925 and 1929 in the case of this 
company. 

The books of the Vereinigte Aluminiumwerke are kept in some
what different fashion. The original cost of capital goods in use 
does not appear; this is written down progressively, and the net 
figure for depreciated investment is given each year. Hence a 
percentage ratio of net earnings to book value of total assets has 
been computed. There is no way of determining whether the book 
value of assets, which was set up after the depreciation of the 
mark, was high or low. For two reasons the figures of net earn
ings cannot be considered accurate. Since the profit and loss ac
count of this corporation for many years did not consolidate the 
results of its operating capital and the operating capital of its 
subsidiaries (chief of which is the Erftwerk A. G.), the figures of 
net earnings include only the dividends received from subsidiaries, 
rather than the full earnings of the latter.ll Secondly, until 1931 
the interest charges were included with various expenses in an item 

D Reports of the Vereinigte Aluminiumwerke consolidate the investment and in
come of the Erft_rIr. beginning in 1932. 
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called H andlungsunkosten und Zinsen. It has been impossible to 
discover the rate at which interest was paid on the current debt of 
this corporation, which was always relatively large. The figures of 
net earnings in the table represent net earnings afte, interest for 
the years 1924-1930; thereafter, net earnings befo,e interest. In
terest charges were probably a million marks or more during some 
of the years in the earlier period. Whether the earnings ratio has 
been understated in the table on account of large depreciation 
charges is not certain. These were about lo-I2 per cent of the 
depreciated book value of fixed assets in each year between 1923 
and 1929. Since this corporation owns no electric plants itself,12 
this rate of depreciation may not be too high. 

There is no altogether clear explanation of the apparent falling 
rate of earnings. Between 1924 and 1928 output grew by nearly 
60 per cent, and gross earnings increased by about 50 per cent.1S 
Although the average price fell from 2.24 M. in 1924 to 1.98 M. per 
kilogram in 1928, gross earnings per kilogram remained just about 
the same.14 The fall in price per kilogram was manifestly offset by 
an equivalent reduction in operating expense per kilogram. The 
lower rate of net earnings must then be due either to a larger 
investment per unit of output or greater deductions of one sort or 

. another from gross earnings. Evidently it was chiefly the result of 
the latter influences, because total assets, which increased from 
34.9 million marks in 1924 to 55.8 million marks.in 1928, showed 
about the same proportionate growth - 60 per cent - as output. 
All of this increase occurred in inventories, accounts receivable, 
and securities of subsidiaries (which reflected increased participa
tions) :15 Aggregate net earnings were only 22 per cent larger in 

U It will be recalled that they are owned by the VIAG. 
D Gross earnings were as follows (in thousands of marks): 

1924 .................... 6,413 
1925 .................... ,.,510 

1926 ..............•..... 8,413 
192" .................... 9,604 
1928 .................... 9,614 
1929 .................... 8,,.22 

.. This is of more significance in the case of the German firm, which has not entered 
the fabricating branches or the production of N ebenprodukte to the extent that the 
other two leading continental firms have done. The year 1928 is taken for com
parison instead of 1929 because the beginnings of depression were marked in 
Germany in 1929 . 

.. The totals of these accounts for 1928 were not extraordinary compared to other 
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1928 than four years earlier, although gross earnings increased by 
SO per cent. The explanation is not found in proportionately 
larger depreciation charges. This item absorbed about 2 million 
marks in 1924, 2.5 millions in each of the next three years, and 
2 million again in 1928 and in 1929. The increasing proportion 
of gross earnings was taken by Handlungsunkosten und Zinsen 
and by taxes. The larger share of this increase must be ascribed to 
unspecified costs and taxes, for the credit obligations did not grow 
substantially during the years in question. 

It may be concluded that the rate of earnings was appreciably 
higher than the figures indicate. The lower price of 1928 would 
not have resulted in a lessened rate of earnings in the absence 
of an increase in working capital and participations 18 coupled 
with higher general expenses and taxes. The diminished rate of 
return in 1929 is to be explained by lower gross earnings reflect
ing the beginnings of depression, combined with increased inven
tories and participations. The true rate of earnings may not have 
fallen at all. A tax item of about I million marks appears in the 
profit and loss account for the first time in 1927. It increases to 
about 1.5 million marks in the following years. No explanation of 
the sudden appearance of this item is offered. When taxes are in
cluded in net earnings the rate of return becomes 10.9 for 1927, 
10.8 for 1928,9.2 for 1929, and 6.7 for 1930. It appears that the 
proportionate utilization of total investment of the Vereinigte 
Aluminiumwerke increased appreciably between 1924-1925 and 
1928-1929, and hence that the correct rates of return on total 
investment would represent less understatement of the rates of 
return on operating investment in the later years than in the earlier 
years. 

The inadequacy of the data severely limits conclusions upon 
comparative trends in the rates of earnings of the three companies. 
The Swiss enterprise evidently suffered a substantial decline in 
the rate of return after 1925, which reflected lower prices and the 
increasing difficulty of finding markets abroad. Internal factors 

years. Accountl receivable were somewhat larger at the end of 1928 than in the 
year alter or the year preceding, but not enough so to account for the fall in the ratio 
as compared to 1926 and 1927 • 

.. Upon which dividends were received at a rate lower than the rates of earnings 
of subsidiaries. 
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peculiar to France, particularly currency inflation, apparently ac
counted for a higher rate of return for the Compagnie AFC after 
1925. No definite trend in the next four years seems establishedP 
In the case of the German corporation unsatisfactory data indi
cate that the true rate of earnings did not change much between 
1924 and 1928, but one cannot place great confidence in this. 

An examination of the earnings records of these three companies 
suggests that they were not receiving earnings less than normal 
during much if any of the period 1923-1929 and that they may 
have been gaining rather large returns. It.should be borne in mind 
that another element, in addition to those mentioned above, caus
ing understatement of rates of return on operating investment is 
the inclusion of idle resources in investment. An inspection of 
the figures of investment and net profit of the British Aluminium 
Company in these years indicates that this corporation received 
moderate returns.1S Investment increased through the twenties, 
and net profits were smaller per year in the period 1926-1929 
than in the two years 1924-1925. Hence the rate of profit declined 
in the latter part of the decade. It is probable that rates of return 
varied between different parts of the investment of each company. 

Although the financial reports of the three continental com
panies are in some respects quite detailed, they tell but a part of 
what we really wish to know. A successful study of the sort here 
attempted would require as a minimum the precise distinction 
between idle and operating investment, clear separation of true 
depreciation, depletion, and the like from reinvestment, consolida
tio:Q. of the results of operations of all controlled subsidiaries, 
separation between the results of the aluminum business and those 
of other departments, and separation of the returns earned at dif
fe,rynt stages or branches of the production of aluminum and its 
products. 

2. CAPACITY AND PRICE 

The trends of aluminum prices were the same in Europe as in 
America during the twenties. Table 19 gives approximate Euro
pean prices in cents per pound. As in America the lower prices 

17 The slightly lower rate earned in 1929 cannot be regarded as significant in the 
face of the various inadequacies in the data mentioned in the text and the fact of 
beginnings of depression. 18 Brief figures are reported annually in the Economist. 
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after 1925 represented a proportionately greater reduction than 
occurred in the prices of competing metals such as copper and tin 
until the depression. Price trends of the nonferrous metals were 
substantially the same in the London market as in New York. 
Table 20 shows the changing relation between prices of aluminum 
and copper in London and Berlin. 

TABLE 19 

APPROXIMATE AVERAGE YEARLY PRICES OF 98-g9 PER CENT ALUMINUM 

INGOT IN EUROPE, 1922-1930 

1922 .....•.. 19·0 
1923 .......• 22·5 
1924 ......•. 24·0 
1925 ........ 25·5 
1926 ........ 25·2 

(Cents per Pound) 

1927 ........ 22·7 
1928 ........ 21·4 
1929 ........ 20·7 
1930 ........ 20.1 

These averages are derived from the price data of Table 13. 

Informal agreements between some of the European companies 
existed from time to time between 1918 and 1926, when a formal 
cartel including the four chief producers was set up. In the years 
1922-1925 prices rose to a high level. The cartel started its life 
in the fall of 1926 by lowering price, which had been about £u8 
per long ton, to £105.19 Successive reductions were made in the 
next six years, giving prices as follows: May 1928 - £95, October 
1930-£85, January 1932 _£80.20 To some the fact that the 
cartel has several times lowered price without once raising it has 
seemed paradoxical; others regard the price reductions as proof 
that the cartel has served the best interests of consumers. It 
would appear, however, that the cartel had no choice but to lower 
price in 1926 if the extensive additions to capacity just completed 
or under construction were to be well utilized and the markets of 
its members substantially protected from the American company, 
whose foreign capacity was increasing. It does not need to be 
repeated that growing competitive influences were beginning to 

.. It Is said that for a time preceding the formation of the cartel concessions had 
been given from the price of iuS established by a loose price agreement. 

• European prices in cents per pound and dates of change are given in Table 13 
on p. ~40. 
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TABLE 20 

RATIOS OJ' AVERAGE YEARLY PIuCES OJ' ALUMINUM: INGOT TO AVERAGE 

YEARLY PIuCES OJ' COPPER IN EUlI.OPE IN CERTAIN YEARS 

Year 9~9% 
Aluminum 

1923 ......... III 
1924 ......... 123 
1925 ......... 123 
1926 ......... II4 
1927 ......... 105 
1928 ......... 98 
1929 ......... 95 
1930 ......... 92 
1931 ......... 93 
1932 ......... 96 
1933········ . 100 
1934········ . 100 
1935········ . 100 

1924 .......... 2.24 
1925 ......... 2·37 
1926 ......... 2.288 
1927 ......... 2.10 
1928 ......... 1.98 
1929 ......... 1.90 
1930 ......... 1.86 
1931 ......... 1·70 
1932 ......... 1.60 
1933 ......... 1.60 
1934· ....... , 1·57 
1935········· 144 

lOS 

3$ 
5$ 

Electrolytic 
Copper 

London 
(£ per Lo"g TOIl) 

72 II$ 
68 6s 
67 
65 14S 
62 6s 
69 9$ 
85 8s 
62 3$ 
42 13$ 
35 Igs 
36 7$ 
33 6s 
35 gs 

Berlin 
(R M per Kilogrllffl) 

1.28 
1.356 
1·335 
1.266 
1.406 
I.739 
1.274 
0.825 
0·548 
0.521 

Sources of average price statistics: 
Aluminum 

Ratio Aluminum 
to Copper 

1·53 
1.80 
1.84 
1·74 
1.69 
141 
I.II 
1·50 
2.19 
2.68 
2·75 
3·00 
2.82 

1·75 
I.75 
1·71 
1.66 
1·41 
1.15 
1·46 
2.06 
2.92 

3.0 7 

London - 1923-1930. derived from quotations in Mmmg Jountal; 1931-1935. 
from M elallwirlsclla/&. 

Berlin - 1924-1931. from SeaUsfiscA. ZlIStJfflflJeflSU/lU"gefl,' 1932-1935. from 
M elallwirnclla/&. 

Electrolytic copper 
London - 1923-1931. from SealisfiscA. ZlIStJlllfflflllSU/lUIIgefl; 1932-1935. aver

age of bid prices as given by EllgiMeri1Ig Gild MiMlg lountal. 
Berlin - 1924-1931. from SeaUsliscA. ZUSGfflflJeflSU/lUIIgefl; 1932-1933. from 

M elallwirlsclla/l. 
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make themselves felt by 1925 and 1926. We pass immediately to 
a consideration of the relation between capacity and demand in 
Europe during the post-war decade. 

As far as cost conditions and circumstances governing entry to 
the field are concerned, there would be no reason to expect the 
development during the post-war decade in Europe of a situatioq 
in the aluminum industry characterized by continued high price 
and increasing underuti1i2ation of an expanding capacity.21 Evi
dently expansion to a larger scale was not spurred by knowledge 
that marked reduction in cost per unit would result. With the 
exception of the two Italian companies no outside enterprise en
tered the industry, although potential competition existed in the 
form of expressed interest by governments, and doubtless some 
private groups, in launching new ventures. Since newcomers were 
very few, unless other elements tended to cause a growing under
utilization, one would expect to find that investment and price 
were so adjusted to demand that little productive capacity was 
idle. Then the only question of importance, concerned with long
run policy, would be whether the relation between actual and ideal 
investment was becoming better or worse. 

However, the possibility of increasing underutilization of 
expanding capacity must not be ruled out, because two other 
important factors existed, either one of which may lead to such a 
situation. Although a larger scale of plant and organization of the 
same general kinds would not have brought marked savings, the 
development of new power sites may have. On the continent of 
Europe and in Great Britain the sites developed since the war 
have probably not lowered cost. But with expansion of demand 
it has become profitable to produce more and more metal in 
Norway and Canada, where power costs are substantially cheaper. 
It is not certain whether the full costs of producing in these two 
countries and selling in markets served by producers with plants 
in Europe have been considerably less than the marginal costs of 
the latter.. The existence of such cost conditions might have re
sulted in a growth of idle plant on the Continent and in Great 
Britain as new equipment was introduced by European and Amer
ican producers, unless protection to home markets sufficed to keep 
the older facilities in operation. 

• Cf. what is said above, pp. 'oS If. 
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In the second place it is possible that the existence of cartel 
control may result - even when diminishing costs do not act 
strongly - in enlarging capacity, through reinvestment of mo
nopoly profits, to a point such that the most profitable price and 
output policy involves underutilization.22 Various reasons may 
account for such action. Members of the industry may prefer to 
enlarge their own companies even though investment in other in
dustries would be more profitable. Ignorance or mistakes in judg
ing demand may contribute. Competition in investment between 
cartel members may express differences in, judgment and optimism 
or attempts to redistribute quotas. For these reasons, examination 
of the relations between investment and demand must consider 
the possibility of idle capacity. 

At the outbreak of the war capacity for aluminum reduction in 
Europe amounted to something between 40,000 and 50,000 tons 
per annum. (Table 21 shows changes in ~stimated capacity in 
Europe and America between 1914 and 1932.) No substantial 
additions were made in France, England, and Switzerland during 
the period of hostilities, but new plants in Norway and Germany 
added 45,000 tons or more, raising total European capacity to 
90,000 tons at least. Det Norske Nitridaktieselskap, which be
longed to the French, had facilities for an annual production of 
about 10,000 tons. Shortly after 1920 (if not before) the Norsk 
Aluminium Company reached a capacity of about 6,000 tons. 
After the abandonment of two of the temporary war plants, the 
Reichswerke in Germany were still equipped to produce at least 
25,000 tons a year. European capacity as a whole had roughly 
doubled during the war, while in America more' rapid expansion 
had carried capacity from about 35,000 tons to something like 
85,000 tons. During the first few years following the war the 
European companies were prevented by chaotic political and eco
nomic conditions from employing their full productive power.23 

With recovery in 1922 and 1923 from the business depression, 
the demand for aluminum shot upward to a position where most of 
the productive capacity was fully taxed. The annual reports of 

II Cf. E. Lederer, "Monopole und Konjunktur," Vierteljahrshejte sur Konjunktur
jorschung, 2. Jahrgang (1927), Ergiinsungshejt 2. 

• Railroad embargoes and abnormal conditions in the dismembered Austro-Hun
garian empire hindered the flow of bauxite to the Swiss and German companies. 
See Czimatis, op. fiit. 
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the Compagnie AFC announced that in order to meet the demand, 
at rather high prices, the company was forced to buy metal abroad, 
in addition to importing the few thousand tons it produced in 
Norway. Indeed, there was a shortage of aluminum for two or 
three years in all countries of the world. The available supply of 
metal could scarcely satisfy demand even at the higher prices 
charged, although plants everywhere were worked to the full 
capacity permitted by existing conditions.24 In its report for 1923 
the Neuhausen company announced that it had found new mar
kets, to replace its sales in Germany, which took all the metal it 
could produce under political conditions that still hampered its 
raw material supply. In Germany, the invasion of the Ruhr and 
difficulties incident to the final stages of currency depreciation and 
the GoldumsteUung kept utilization down to about two-thirds of 
capacity.211 It was apparent that demand was likely to move much 
farther forward, particularly under the influence of new alloys 
and products which were being developed every year. The margin 
of European capacity unutilized on account of abnormal condi
tions would not augment supply greatly. Under these circum
stances all the companies of Europe enlarged their capacities. 

TABLE 2I 

ESTUIATED CAPACITIES OF ALUMINUM PLANTS OF THE WORLD IN 
CERTAIN YEARS. 

(Thousands 01 Metric Tons) 

1914 1919 1926 1931 

Europet ............ 40-50 9()-()5 125 182 
America ............ 35 85 105 165 
European companies t .. 40-50 9()-()5 II4 164 
American companies .. 35 85 II6 183 
Total world ......... 75-85 175-180 230 351* 

1935 

222 
165 
202 
185 
422§ 

• Capacity at end of year. Estimates have been made from study of pub-
lished estimates of capacity and output. 

t Excluding Russia. * Includes 4,000 tons capacity in Russia. 
§ Includes 30,000 tons capacity in Russia and 5,000 tons capacity in Japan. 

• During 1924 the companies were sold out for several months ahead (Aluminium, 
VI, Hefte 15/16, p. 2, Aug. 28, 1924). 

• The increased German demand was met partly by importation. 
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In Germany the hydroelectric development on the Inn River, 
which had been started toward the end of the war, began to de
liver power to a new reduction plant of about 10,000 tons capacity 
in '1925. In 1922 or 1923 the Compagnie AFC embarked upon 
an extensive program of expansion which for some time resulted 
in an increase in capacity in nearly every year.26 Between 1923 

and 1929 four new aluminum plants added about 9,000 tons to the 
capacity of this company,27 while enlargements of older plants in
creased productive power by a few thousand tons more. In 1925 

additional plant was completed by Det :N"orske Nitridaktieselskap 
in Norway, raising its capacity from 10,000 to 15,000 tons. The 
AIAG finished new power developments in Switzerland in 1925 

and 1926 which resulted in an enlargement of the Chippis reduc
tion works equivalent to about 5,000 tons a year. By the end of 
1925 the capacity 'of European aluminum works had evidently 
increased to II5,000 tons, and perhaps 10,000 tons more went 
into operation in France and Switzerland during 1926. In 1925 

small stocks accumulated for the first time since 1922, but in 
1926 a total European output estimated at 112,000 tons must 
have been very close to operating capacity. Plans for further 
large .additions to investment were already under way. Conces
sions for two more power developments had been obtained by the 
Compagnie AFC in 1924 and 1925, and construction was begun 
in 1926. Plans for the new Italian plants were, at least in the case 
of one, beyond the project stage. The Swiss producer was expand
ing its plant in Austria, and building with the-French a small plant 
in Spain, while the British Aluminium Company was engaged upon 
development of another Sq>ttish water power wh,ich would add 
12,000 tons or so to its capacity. Altogether the developments 
under construction or in contemplation in Europe about 1926 in
volved an accession of 25,000-30,000 tons within three years or 
so. While these plans were being carried out, futher expansion 
was undertaken, with the result that by 1930 or 1931 the total 
capacity of 1926 had been increased by nearly 60,000 tons to a 
little over 180,000 tons per year. 

The capacity actually in existence by 1926 was probably not 
capable of producing more aluminum than would be consumed at 

.. See above, p. 88 . 

.. The other French producer added one small plant to its capacity in 1928. 
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the lower price set by the cartel when it was formed in September 
(£105 per long ton). The stocks which accumulated during the 
business recession in the latter half of 1925 were not large.28 

With enhanced business activity in 1926 and 1927 they were evi
dently reduced to normal.2t It seems clear that no further price 
reductions would have been necessary in 1927-1929 to keep the 
capacity of Europe well utilized if it had not been increased. Be
tween 1926 and 1929 European output grew by 20,000 tons. It 
has been impossible to discover how much of the new plant was 
ready for operation in 1929, but one gathers the impression that 
during 1928 and 1929 (until the start of depression) new plant 
was operated at capacity as soon as it was available. Press re
ports indicate that the companies were disposing of all their 
product with little difficulty in 1928 and 1929. 

Comparison of many of the published estimates of capacity 
and output suggests that there was considerable idle capacity in 
Europe nearly every year. I believe this inference is wrong, except 
for Germany, as will be explained in a moment. Familiarity with 
capacity estimates for this industry teaches that they usually rep
resent capacity under ideal climatic and operating conditions 
rather than under typical~onditions. The figures presented in 
this book probably err somewhat in the same direction, although 
an attempt has been made to bring them closer to the probable 
results under typical conditions. Furthermore, since most of the 
producers have not given out information on capacity, the esti
mates are to be regarded as approximations only. It does not ap
pear, as a result of careful examination of estimates of capacity 
and output and study of market conditions, that there was any 
appreciable voluntary underuti1i2ation of facilities in France, 
Switzerland, England, and Norway between 1923 and the begin
nings of serious business recession in 1929 and 1930. A drop in 
output in England in 1926 and 1927, when production averaged 
about 2,000 tons per year less than the total for 1925, may have 
represented voluntary curtailment incident to the cartel quota 

-lnformatioD upon market conditions in Europe has been secured from com
ments in Altmlirlitlfll, 1A RetItUI de falum;,"ufII, and annual reports of the com
pania, and from penoDal interviews. 

- A part of the increased output of Germany incident to the operation of the 
Dew plant in Bavaria was disposed of in America during the business recession. 
Exports to America from the European companies declined sharply after 1926. 
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arrangement, or it may simply have reflected poor climatic condi
tions.so 

It appears that the plants built in Germany during the war 
were not operated at full capacity at any time during the post-war 
decade. During'1919-1920 the output of the Reichswerke rep
resented less than half the capacity, and in 1922-1923 it amounted 
to but two-thirds of capacity. Although the percentage improved 
thereafter, production seems to have remained at least 15 per cent 
below capacity on the average in the latter half of the twenties. 
Doubtless the low utilization of the first few post-war years is 
explained by abnormal political and economic conditions. Failure 
to reach capacity output in the second half of the post-war decade 
has been attributed to high cost - in particular, to increases in 
the cost of electric energy to the Erftwerk - and to lack of corre
spondence between capacity and the sales quota given the Verei
nigte Aluminiumwerke by the cartel.31 Inasmuch as the amount 
of German capacity during the post-war decade reflected the influ
ence of war needs rather than commercial principles; the fact of 
underutilization in Germany does not represent a significant quali
fication to the general conclusion that European ingot capacity was 
operated at or very close to full capacity (permitted by climatic 
and political conditions) during the period 1923-1929.' Fabricat
ing equipment, particularly that installed to make products from 
the new alloys, was probably not fully utilized all the time. 

Continuous operation of ingot facilities at a rate close to capacity 
cannot be regarded as a sure symptom that the ~total investment 
of the European firms did .notexceed an amount appropriate to 
maximum monopoly revenue after 1924.32 Substantial sales in the 
United States during 1925-1927 at net prices lower than those 
received at home 33 probably indicate that some companies
particularly the Vereinigte Aluminiumwerke -,- regarded their ex
istingcapacity as greater than that which would maximize mo
nopolr:revenue if its full product were sold in Europe (and any 

., ":" Analysis of changes in imports from cartel countries and from British plants in 
Norway does not resolve the question. 

81 The German quota appears to have been lower in relation to capacity existing 
when the cartel was formed than the quotas of the other members . 

.. Cf. what is said above, pp. 235 fl. 
"Cf. Alfred Marcus, Gl'undlagen del' modernen Metallwil'tschajt (Berlin, 1928), 

p. 213· 
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other customary markets) . B. After 1926 the total sales of ingot out
side of cartel countries by European producers diminished but re
mained about one-fifth of total output in each year 1927-1929. 
Some part of these exports brought lower net prices than those 
received in Europe. This in itself does not demonstrate that Euro
pean investment as a whole was larger than an amount design~d 
to yield maximum profit through geographical discrimination. 
Reports of price wars in the Orient at this time suggest, however, 
that the part of the investment used for products sold in the East 
might not have been fully utilized with oligopolistic rather than 
competitive price making.B5 

Up to this point we have found no indication that the European 
companies may have devoted to European consumers an amount 
of investment greater than that which, when finally utilized, would 
return maximum profits. The apparent absence of price competi
tion on ingot in Europe and the evident scarcity of potential en
trants does not permit the inference that capacity used was greater 
than the amount appropriate for maximum profit becaUse of the 
operation of such forces. European press reports indicate, how
ever, that the substantial price reductions of 1926 and 1928 may 
have been motivated partly by a wish to forestall possible price 
competition from the Aluminum Company of America or Alu
minium Limited.B8 Further, in the latter half of the twenties price 
competition occurred in the sale of rolled products, and perhaps 
other semifabricated or finished articles, where monopolistic ele
ments were less strong than at the ingot stage.87 Rolling capacity 
was greatly enlarged during the post-war decade, particularly in 
Germany, under the influence first of the reconstruction demand, 
and later of the development of foil and the new hard alloys. It 

lilt is possible, indeed, that European firms, after creating just about the right 
investment for maximum profit when fuUy utilized by sales in Europe, decided that 
they could make larger profits temporarily through sale of some metal in the United 
States, although such a policy would not permanently be more profitable. 

• See above, p. 163. That price competition in eastem markets took the form 
partly of price cutting on half-products or finished goods is indicated by the giving 
of export rebates to manufacturers of these goods in Germany, where the ingot 
producer had not integrated forward to the same extent as the aluminum firms in 
other countries. 

-See for example JFE, xxxvn, 173 (June 1928), and Wirlschajlsdiensl, XIII, 
1059 (1928) • 

.. Personal communication. 



296 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

appears that from time to time the integrated firms cut prices of 
rolled products below the sum of the market price of ingot and 
the full tonversion cost.S8 Finally, the cartel price reduction of 
May I928 seems to have been part of a program to develop new 
applications and ,new markets.a9 It is said that some of the com
panies experienced a fall in gross revenue from sales of aluminum 
as· a result of the lower price. Evidently European ingot invest
ment in I928-I929 was somewhat larger than the amount which 
would have currently yielded maximum profit, but was fully util
ized as part of a policy of building up demand.40 In conclusion, 
it would seem that during most of the period I925-I929 total 
European aluminum investment was somewhat greater than the 
quantity appropriate to maximum monopoly revenue. 

That the relations betwen the investment of European firms 
and the demand for their products improved during the twenties is 
evident. In the years I923-I925 aluminum was scarce, price high, 
and profi~s evidently quite good. We cannot be sure whether, in 
the absence of abnormal difficulties, the capacity existing in I923-
I924 would have constituted great underinvestment or not. Ex
pansion was begun before, or as soori as, shortage of stocks devel
oped. As new capacity came into operation in I925 and I926, 
increased exports temporarily removed an added strain which 
might have broken the high price. The relations between invest
ment and demand were much better in the late twenties because 
.effective demand was being moved closer to ideal demand. For the 
rest, it is not clear whether the adjustment of inv~~tment to current 
effective demand improved .during the twenties. Unsatisfactory 
earnings data suggest that European investment.asa whole experi
enceda slight drop in the rate of return and that monopoly revenue 
did not grow as fast as investment. However, it is impossible to 
determine definitely whether or not the rate of return on operat
ing investment devoted to aluminum fell. It appears that reduc
tions In the cost of producing ingot between I925 and I929 were 
just about equal to reductions in price in the case of two of the 

IS In Germany, where rolling mills were in large part not integrated with ingot 
producers, a rolled products cartel found it impossible at times to control price . 

.. Edwin Kupczyk, in Wirtschaftsdienst, XVI, 283 (February I93I). 
'" It is said that some members of the cartel were quite willing to reduce price 

farther in 1929 (Magas;n der Wirtschaft, V, I2IO ff., August I, I929). 
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companies.41 We have seen that price reductions on some fabri
cated products apparently resulted in net prices for ingot below its 
market price and that low prices existed for both ingot and fabri
cated goods from time to time in eastern markets. 

We may conclude with some assurance that the movement of 
effective demand much closer to ideal demand conferred a net 
benefit on consumers in general. While the adjustment of invest
ment to current effective demand became more liberal in the 
markets for some articles and in some geographical areas, it is 
questionable whether this relation was improved in all markets. 
It would appear that the benefits of a larger investment and output 
relative to existing effective demand were restricted to consumers 
of certain products - particularly those involving new adapta
tions, such as the strong alloys, where the endeavor to cultivate 
demand with great rapidity necessarily involved larger capacity 
relative to existing demand - and consumers located outside 
Europe. Insufficient information about changes in the discrimina
tory price structure precludes judgment as to whether the relation 
of composite investment to total effective demand became better 
or worse. It should be reiterated that throughout the period 1923-
1929 returns on operating investment and monopoly revenue to 
the European companies as a whole may have been quite large 
indeed and underinvestment quite pronounced. Or total invest
ment may have been not far from the ideal amount proper to cur
rent effective demand, with a discriminatory price structure which. 
brought large losses in some markets. That large returns accrued 
from some particular markets or sections of demand seems 
scarcely to be doubted. 

The better relation between effective demand and ideal demand, 
and the more liberal adjustment of investment to some parts of 
effective demand, resulted from the influence of two elements con
tinuously making prospective demand for .the products of each in
dividual firm more elastic at lower prices. In Europe as in America 
exploration of the possibilities of new alloys, new products, and 
new uses for old products was producing a transition to larger 
and more diversified markets, in several of which demand was 

• No cost data have been published by the companies. The statement is based 
upon information about proportionate reductions in cost secured from informed 
lOurces. 
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more elastic at lower prices. Development of the new markets de
pended upon the movement of effective demand, while the greater 
elasticity at lower prices inevitably meant a lower rate of return 
per unit of investment devoted to these markets, even apart from 
a development price policy. The growth in output associated with 
the. transition also tended indirectly towards lower prices by in
creasing the supply of scrap aluminum. In the second place, a 
tendency to purely competitive rivalry seems to have characterized 
the acquisition of bauxite and power, the expansion of equipment, 
and the development of new alloys and pro,ducts. In the matter of 
short-term price and output policy one's total effect upon the 
market may be easy to predict; hence rational, considered oli
gopolistic price policies should easily prevail in the absence of 
very considerable uncertainties, shortsighted behavior~ or non
profit motives. When it comes to introduction of new capacity, ac
quisition of reserves of materials, and development of new adapta
tions of a basic product, however, uncertainties surrounding the 
effects of one's activities must certainly be much greater.42 Policies 
proper to' maximum joint monopoly revenue for all are less likely 
to obtain. Evidently a tendency toward competitive rather than 
strictly oligopolistic adjustments with respect to these long-run 
elements helped to push effective demand farther ahead and also 
kept total investment used for European and Asiatic markets some
what beyond that appropriate to maximum profit. Rivalry of this 
'sort did not only exist between the' Europeans as a body and the 
American companies. There 'are' also evidences of competition in 
investment and new adaptations within the fold of cartel mem
bers.43 And, finally, it may have .been felt that With the transition 
to larger markets potential competition from new processes using 
lower grade ores would become a significant threat if price were 
not substantially lowered. 

We'should like to know whether the new facilities introduced 
between 1929 and 1932 could have been op~rated at capacity 
without lowering the price of £95 established in 1928 had de
pression not intervened while it was being built. Whatever the 
answer to this question, the available data on capacity, price, 
markets, and earnings do not suggest that the European companies 

.. See below, pp. 337 ff. for analysis • 

.. Above, pp. 47 ff. and 157 j below, p. 304. 
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were adding an amount of operating investment which could not 
have been fully utilized, in the absence of a marked decline in the 
rate of increase of demand, without reducing earnings below nor
mal. This is subject to the possible qualification that true over
investment might have existed for a time. if the energy from the 
260,000 h.p. plant of the Alcoa Power Company on the Saguenay 
River, which has not been used for aluminum since its completion 
in 1931, had been employed to make aluminum for the markets 
of European producers. 

In closing this section some discussion of the significance of 
developments in the past five years for the general long-run rela
tions of investment, output, and demand in Europe would be 
appropriate. Economic self-sufficiency, tariffs, quotas, and mal
adjusted currencies have, however, created a situation which has 
much reduced the significance of consideration of such general 
relations for Europe as a whole. Only a few observations seem 
pertinent. Price is everywhere much lower and capacity much 
larger than at the beginning of 1930. One price reduction has 
occurred in Germany and one in France since 1932. It is doubtful, 
however, if the average price received for aluminum, which has 
probably been well under official prices, is relatively as low as the 
prices of many other commodities, including competing substi
tutes. Programs· of self-sufficiency and armament building have 
created large demands in Germany and Italy, part of which may 
prove to be temporary. On the whole, it would not be surprising 
if in the next few years geographical discrimination, and perhaps 
discrimination between different commodity markets, assumed 
more significance, and the average degree of utilization of capacity 
were at the same time lower, than was true in the twenties. , 

3. OLIGOPOLY AND CARTELS 

We now turn our attention to the connection between market 
relations and the sorts of market control which prevailed during 
the twenties." Evidently the loose price agreement existing be
tween some of the European producers in the years 1923-1926 
exercised no appreciable influence on the adjustment of invest
ment to demand. Investment policies in these years reflected ex-

.. Oligopolistic relations, agreements, and cartels are described in Chap. VII. 
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pansion to meet prospective increases in demand in home markets, 
the beginnings of rivalry in sharing old markets and new foreign 
markets,. and the wishes of governments. While European ca
pacity was rapidly extended it apparently failed to reach the point 
to which purely.,competitive tactics would have carried it. This 
seems to show how a few producers, untroubled by newcomers, 
can, even in the face of large uncertainties of demand and supply 
conditions, restrict investment on a rising market below the ideal 
amount without any cooperation in the adjustment of capacity to 
demand. 

With regard to short-term relations, it is obvious that the agree
ment may have facilitated rising prices, but it is quite as plain 
that price would have risen substantially with the capacity and 
demand conditions obtaining in 1923 and 1924 even iD. the absence 
of any agreement. The maintenance of the high price during 1925 
and the first half of 1926, when stocks were larger, and when 
existing or prospective conditions must have indicated the ad
visability of a price reduction in the near future, may have been 
due in larger degree to the existence of agreement. The uncer
tainties of prospective demand at this time were considerable, and 
opinions may well have differed sufficiently so that, in the absence 
of agreement, independent reductions made only with the purpose 
of moving to a price more profitable for all would have provoked 
a wave of price cutting merely because they were misinterpreted. 

Under the cartel agreement of .i:926-193~ price, which had 
hitherto shown minor variations between,'some countries, was .the 
same in all producing countries.45 No evidence appears of viola
tions of the price provisions; although it is said that all members 
were not always in accord as. to the advisability of the three reduc
tions in price made by this cartel. Since we do not know precisely 
how price and cost reductions compared for the individual com
panies, it is impossible to tell whether consumers in some countries 
benefited more or less under this arrangement than they otherwise 
might have. 

It will be recalled that the cartel agreement provided for sales 
quotas which were to be maintained by an equalization device of 
purchases and sales between members. The estimates in Table 22 
indicate that after 1926 the proportions in which output was 

.. Special prices were permitted to meet local peculiarities. 
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divided between the four chief members were less variable. One 
would infer that when the covenant was renewed in 1928 the 
British sales quota was increased somewhat and the French quota 
diminished. According to the estimates of trade between cartel 
countries presented in Table 23, Great Britain and Germany were 
net importers from other cartel countries· and Switzerland a ne~ 
exporter to other cartel countries in the years prior to 1926. This 
relation was continued under the cartel arrangement, and the 
amounts grew larger in each case. Except for exports of 5,000 
tons in 1927, most of which went to Germany, the trade of France 
with other cartel countries was negligible. The figures show, now
ever, that the French production in NorwaY-4,00o-S,000 tons 

TABLE 22 

DmS10N OP CARTEL OUTPUT OP INGOT ALUMINUM BETWEEN 
LEADING COMPANIES, 1922-1930 

VEREINIGTE L' AL UlIIIINIUM ALUMlNIUM- BRlTISH ALu-

ALUKDfIUIlWERItE FltANC;AlS INDUSTRIE A.G. MINIUM Co. 
J,OOO J,OOO J,OOO J,OOO 

Year Metric Per Metric Per Metric Per Metric Per 
Tons Cent Tons Cent Tons Cent Tons Cent 

1922 14.8 30.1 II.8 24·0 16.2 32.9 6·4 13.0 

1923 15·8 24·8 17·2 27·0 17·7 27·7 13.1 20-5 

1924 18.8 23·7 23·9 30.1 22·4 28.2 14·3 18.0 

1925 26.0 27·7 25·5 27·1 25·2 26.8 17·3 18·4 
1926 29·4 29·2 29·9 29·7 25·2 25·0 16.2 16.1 
1927 27·2 27·6 30.8 31.2 25·2 25-5 15·5 15·7 
1928 29·7 27·3 32.6 30.0 27·4 25·2 19·0 17-5 
1929 32.0 27.2 34·2 29.1 28.6 24·3 22.8 19·4 
1930 29·9 27·0 30.8 27·8 28.2 25-4 21·9 19.8 

These figures have been computed from the basic data of Table 38. Figures 
for the Vereinigte Aluminiumwerke include the production of the Bitterfeld 
plant, which cannot be distinguished. Figures for the AIAG include output 
of the small plants at Steeg, Austria, and Martigny, Switzerland, which can
not be distinguished. It has been possible to separate the output of the Rhein
felden, Germany, plant of the AIAG and include it in the figures for the latter. 
Figures for the British Aluminium Company include output of the Aluminium 
Corporation. The production in Norway, Italy, and Spain has been allocated 
to the various companies on the basis of proportionate ownership of capacity. 
Since this method can be expected to yield approximately correct results only 
when all plants are operating near capacity, the figures have not been carried 
beyond the year 1930. 
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per year - was not imported for home consumption. Whether 
the metal was sent to cartel countries or others cannot be deter
mined. According to consumption estimates of the Metallgesell
schaft (based on production estimates and statistics of foreign 
trade), consumption grew much more rapidly in Germany and 
Great Britain in the latter twenties than in France and Switzer-

CHART III 

ESTIMATED EUROPEAN PRODUCTION OJ!' PRIMARY ALUMINUM BY LEADING 

COMPANIES, I9I<r-I93? 
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Output of the several companies in. the years I9I()-I921 has been estimated 
from the basic data of Table 38 according to the ,method explained in the 
note to Table 22. Data for the years 1922-1930 are given in Tables 22 and 25. 

land~, It would appear that the British were given a small increase 
,in their quota in I928 because of this fact and the imminent com
pletion of the Lochaber plant; while the French suffered a reduc
tion in their quota on account of the lag in French consumption. 
Under the cartel arrangement the Swiss and perhaps the French, 
through shipments from Norway, shared in the rapidly increasing 
consumption in England and Germany. Without any such device 
of market control the shares might have been quite different. It 



TABLE 23 

5TAnsncs 01' FOREIGN TRADE IN ALUMINUM INGOT or CARTEL COUNTRIES, 1923-1929 

(Thousands oJ Melric Tons) 

Imporll 
Prom forei'D plantl of dOllleltic companJ .......................................•. 
Prom other. in cartel CGuDuiCi ........••.••.....••••••••••...•....••.••.........• 
Prom aU othen ................................................................ . 

Total ..•...........................•.........................•.•.........•...•. 

Eaporu 
To proprietor compaDia in canel countria ....................................... . 
To othen in canel couDuiea .................................................... . 
To aU olben ................................................................... . 

Total ......................................................................... . 

1923 1924 1925 1926 

Jmporu 
Prom foreigD plaott of domestic company .................. 
From othen in caRd countriCi ........................... 
Prom all other. .......................................... 

Total .................................................. 0.4 0.2 

Ezporu 
To proprietor companies in cartel countries ................ 
To other. in cartel countries .............................. 2.7 4.8 4.2 5.9 
To all otbert ............................................. 6.7 7.8 9.7 9.5 

Total .................................................. 9.4 12.6 13.9 15.4 

Great Britain Germany 
1923 1924 1925 1926 1927 1928 1929 1923 1924 1925 1926 1927 1921 1929 

1.2 4.2 3.9 6.7 7.5 
0.9 2.9 3.2 4.8 U 
0.7 2.9 4.1 0.7 2.1 

8.3 8.9 
2.7 8.2 
2.7 5.7 

2.8 10.0 11.2 12.2 15.9 13.7 22.8 

1.2 0.4 
4.0 2.8 
5.2 3.2 

Switzerland 
1927 1928 

0.5 0.7 

7.0 6.5 
6.4 8.5 

13.4 15.0 

1.3 0.4 1.1 1.6 1.6 
3.4 3.8 4.4 4.5 4.3 
4.7 4.2 5.5 6.1 5.9 

France 
1929 1925 1926 1927 1928 1929 

1.1 0.3 0.1 
0.1 0.2 0.1 0.1 0.1 

0.6 0.1 1.3 0.4 0.1 0.2 

6.3 1.7 0.5 5.0 1.3 0.2 
6.9 0.4 0.4 1.1 1.8 2.0 

13.2 2.1 0.9 6.1 3.1 2.2 

4.4 
1.1 
5.5 

0.1 
0.1 
0.2 

1923 

1.2 
0.2 

11.4 
12.8 

4.8 8.0 5.0 11.0 
0.7 2.7 0.5 1.8 
5.5 10.7 5.5 12.8 

I.J 
12.2 10.8 
2.6 2.2 

14.8 14.3 

0.5 0.9 2.3 1.2 1.2 1.4 
0.6 3.4 11.6 3.9 2.4 2.7 
1.1 4.3 13.9 5.1 3.6 4.1 

Norway 
1924 1925 1926 1927 1928 1929 

4.4 3.9 9.2 7.7 8.3 '8.9 
1.7 2.3 0.3 3.8 1.9 7.9 

13.1 14.3 12.6 10.6 6.6 12.8 
19.2 20.5 22.1 22.1 16.8 29.6 

With the exception of the esdmatet of imports by dome.tic firms from their foreign plants and of exports to proprietor companies in cartel countries, the figures of thi. 
table have been taken from official .tatiatia of foreign trade. For the most pan they represent net imports and net exports after elimination of reimports and reexporu. 
ImpOrtl by domeatic companies from their foreign plaots have been estimated al follows. When the total import. from a country in whi<:h there was a foreign plant of 
a domestic firm were leu than or equal to the output of that plant, euimated according to proportionate ownership of capacity in that country, the full amount of the 
imports from that country was regarded al imports from the foreign plant of the domestic company. When the total imporu were greater than the estimated output 
of the foreign plant the latter was considered as the imports from the foreign plant. The same general method was followed in estimating exportl from Norwegian planu 
to proprietor companiel in cartel countriea. cartel countrie. include Great Britain, Germany. France, Switzerland, Norway, and Austria. Although the figures comprehend 
.crap as well as virgin, it is believed that the general relations which they ezhibit would not be substantially modified by the elimination of ICrap. The word "others" 
.ignifies other penon •. A dash means none. or a negligible quantity. . 
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would depend upon whether the sales quotas were such as to 
equalize marginal costs of all producers.4s 

It seems likely that the cartel of I926-I93I exercised some 
influence upon short-run market relations. The fact that capacity 
was too large in, I925-I926 for the current price, the price wars 
in eastern markets, and the tendency to compete in pricing fab
ricated goods in Europe are symptoms of a situation in which the 
ingot price might have gone lower in the absence of cartel con
trol. Some redistribution of sales volumes between companies 
might also have occurred, although the fact that existing ingot 
capacity was well utilized indicates narrow limits for this. A 
marked change in the pattern of geographical discrimination might 
have resulted, however, accompanied by larger consumption in 
Europe. 

That this cartel substantially affected the adjustment of invest
ment to demand is to be doubted. Between I926 and I93I changes 
in the relative capacities of the four chief members seem to have 
been more disproportionate than between I9I9 and I926. (See 
Table 24.) When the relative division of capacity in I93I is 
compared with the proportions in which the sum of existing and 
projected capacity was divided at the time of formation of the 
cartel, the changes seem to be greater than the variations in per
centages of existing capacity between I9I9and 1926. It is not 
denied, of course, that the cartel may have exerted some restraint 
upon' competitive building; but a consideration of .the nature 'of 
the agreement reinforces the belief that such iIifluence was not 
great. The aggregate volume of sales was regulated only through 
price. The equalization measure provided n() compensation - as 
a system of cash fines andbonuses may - fortbe member whose 
capacity did not increase as rapidly as total sales. Hence there 
was som~ incentive to revise upwards one's estimate of the future 
increase in demand, if the expansion of others indicated that they 

'held opinions which were pleasantly more optimistic. Neither the 
quantities of ingot used in the fabricating plants of members nor 
the prices and sales volumes of fabricated goods were controlled. 
The facts of disproportionate expansion suggest that the firms 

.. At least in the same market. Discontinuities in the respective curves of mar
ginal revenue in separate markets might have rendered it impossible to equalize 
marginal costs of serving all markets. 



TABLE 24 

DmSlON OJ' AGGREGATE INGOT CAPACITY OJ' LEADING EUROPEAN ALUMINUM COMPANIES IN CERTAIN YEARS. 

EXISTING PLUS 
PROJECTED CA-

CAPACITY CAPACrrY PACITY END 
END 1919 END :1926 1926 

1,000 1,000 1,000 

COMPANY Metric Per Metric Per Metric Per 
Tons Cent Tons Cent Tons Cent 

L' Aluminium Francais .............. 30 34-5 33 JI.l 39·5 29·8 
Vereinigte Aluminiumwerke ......... 2S 28.7 31 29·2 3 I 23-4 
Aluminium Industrie A.G ............ 20 23.0 25 23.6 33 24·9 
British Aluminium Co ............... u 13.8 17 16.0 29 21·9 

Total ........................ 87 100.0 106 99-9 132·5 100.0 

• Estimates have been made from study of many published estimates of capacity and output. 
t Does not include 5,500 tons owned jointly through Alliance Aluminium Compagnie. 

CAPACIt'Y CAPACITY 
END 1931 END 1935 

1,000 lPOO 
Metric Per Metric Per 
Tons Cent Tons Cent 

39·5 26.6 39·S tl3·3 
38 2J.6 55 32.11 
42 28.3 46 27·1 
29 19-5 29 17·1 

148.5 t 100.0 169-5 t 99-9 
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acted upon somewhat different· estimates of future demand, or 
hoped that relative changes in capacity or the individual develop
ment of new products would bring about alterations in quotas, or 
anticipated dissolution of the cartel, or intended to fabricate more 
ingot. Oligopolistic calculations of market relations in the sale of 
articles beyond the ingot stage were complicated by the different 
degrees of integration in the organization of the several companies. 
Also, it must not be forgotten that during the life of this cartel 
Aluminium Limited 47 was endeavoring to build up its foreign 
markets. Clearly, the provisions and administration of this cartel 
agreemen~ were not adequate to discourage rivalry in expansion. 
In this industry, as in many others, that would require rigorous 
enforcement of output quotas and agreement that quotas would 
not be altered as a result of relat:jve changes in capacity; or con
ditions such that all oligopolists believed nothing was to be gained 
from rivalry in expansion. Complete elimination of all competi
tion in long-run· adjustments would also necessitate an arrange
ment for sharing in unchanging proportions the results of all varia
tions or adaptations of the basic product. In the earlier years of 
the cartel of 1901-1908 the simpler markets then existing did not 
provoke the imagination of the members sufficiently to induce 
energetic rivalry to gain the larger share of an eXpanding market. 
In the twenties the great possibilities and the considerable uncer
tainties of future demand created a situation iii. which rivalry in 
long-run adjustments could have been curtru1ed «:lnly by the de-l 
vices just mentioned. 

It is believed that the agreement reached in 1931, when the 
Alliance Aluminium Compagnie was forme~, ,included provisions 
for rigid control of output and an agreement that quotas would not 
be changed upon the basis of disproportionate growth in capacity. 
Unfortunately, paucity of information and the chaotic conditions 
prevailing during the last five years make it impossible at present 
to assess the consequences of this strong organization for coopera
tive market control. The more striking developments since the 
creation of the Alliance cartel and a few of the possibilities have 
been described in Chapters IV and VII. 

Under the influence of semicompetitive rivalry in expansion in 
Europe, ingot capacity was approximately doubled in the twelve 

.. Before I928 the Aluminum Company of America. 
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years 1920-1931. (See Table 21, p. 291.) In the United States 
single-finn monopoly brought nearly the same result, with an in
crease from about 70,000 tons in 1919 to perhaps 125,000 tons in 
1931, the more rapid expansion after 1925 making up the ground 
lost in earlier hesitation. When Canadian capacity is added to that 
of the United States it appears that total American capacity was 
just about doubled in these years. Until 1929 more than half of the 
Canadian exports of ingot ordinarily came to the United States.48 

As capacity increased in both countries more of the Canadian 
metal was sent to other markets and less to the United States. 
Apparently it was the intention that Aluminium Limited, in the 
beginning at least, would sell chiefly in foreign markets. A com
parison of the analyses presented here and in Chapter XI suggests 
that the relation of investment to demand for ingot tended to be 
less restrictive in Europe than in America during the later twenties. 
However, lack of adequate data and the absence of an effective 
apparatus for measuring changes in demand prohibit definite con
clusion. Competitive influences may have yielded a better adjust
ment in Europe; or the Aluminum Company may have been more 
successful than the European firms in moving effective demand 
ahead. 

The relative growth in estimated output by European and 
American producers is shown in Table 25. The war proportions 
were renewed in 1923-1924. Expansion of investment in these 
years enabled the Europeans to jump ahead in 1925-1926, after 
which American output assumed a commanding lead. The propor
tions in 1928-1929 were not markedly different from those of 
1918 and 1923-1924. It will be noticed that the share of total 
European output produced by the American companies remained 
roughly stable. The situation had changed appreciably, however, 
between the earlier and the later twenties. In 1928-1929 the 
Europeans were selling a much smaller proportion of their output 

• Canadian exports of iIIgot (ill thousands of metric tons) were divided as follows 
ill the yearJ 1927-1931: 

To the United States To Other Markets 
1927 ............... 18.9 4.6 
1928 ............... 10·5 7.9 
1929 ............... 12.9 20.2 
1930 ............... 5-4 14·2 
1931 ............... 1.1 8.7 



308 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

in the United States,49 while a larger part of the production of the 
American companies was being disposed of in markets served by 
European firms. In 1923-1924 the Aluminum Company was im
porting a large part of its Norwegian output, and exports from 
Canada to countries other than the United States averaged less 
than 5,000 tons'. By the late twenties Norwegian output had 
grown, imports from Norway into the United States had declined, 
and exports from Canada to countries other than the United States 
had increased. 

TABLE 25 

ESTIMATED PRODUCTION OF INGOT ALUMINUM BY AMERICAN AND EUROPEAN 

COMPANIES, 1918-1930 * 
(Thousands 0/ Metric Tons) 

PERCENTAGE OF 
EUROPEAN 

OUTPUT PRo-
AMERICAN COMPANIESt DUCED BY 

EUROPEAN Total United Canada Europe AMERICAN 
Year COMPANIES States COMPANIES 

1918 .......... 62·9 71.6 56.6 15·0 
1919 ........ - . 59·4 73·3 58.3 15·0 
1920 .......... 53.1 74·9 62·9 12.0· 
1921 .......... 43·1 32.7 24·7 8.0 
1922 ........... 49.2 43·4 33·4 10.0 
1923 .......... 63.8 75·2 58.4 10.0 6.8 9.6 
1924 .......... 79·5 90.1 68·3 12·5 9·3 10·5 
1925 .......... 94.1 88·5 63-5 15.0 10.0 9.6 
1926 .......... 100·7 96.4 66·9 18.0 II·5 :10.2 
1927 ...... - ... 98.7 120.1 74.2 36.0 9·9 9.1 
1928 .......... 109.8 14204 95·5 36.0 10·9 9.0 
1929 .......... 120·4 146·7 103·4 31.0 12·3 9·3 
1930 .......... II4·1 152.0 103.9 34·0 14.1 II.O 

* European output of American companies is estimated as a proportion of 
Norwegian output equivalent to proportionate ownership of facilities in that 
country plus a tonnage equal to the capacity of the small Italian plant owned 
by the Americans. The series cannot be continued after 1930 owing to lack of 
infonnation concerning utilization of plants during depression. 

t Aluminum Company of America alone until 1928, when its Canadian and 
European reduction works were transferred to Aluminium Limited. 

III Imports from European producers are given in Table IS. 
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TABLE 26 

RELATIVE POSITIONS OP THE AKuICAN AND EUROPEAN CoKPANIES IN 

FOJlElCN TUDE IN ALUlIUNUllINGOT, 1922-1930 

(Thousands oj Metric Ton.s) 

Net imports from Euro-
peans to America ..... 13·5 4·7 II.2 

Net exports from Amer-
ican companies to all 
markets outside North 
America ............. 5·3 6.1 1·7 12.6 23·3 21·7 

Net exports from Amer-
ican companies to mar-
kets other than Japan 
and North America ... 2·7 3·9 8.6 15·3 12·7 

Exports from American 
companies to Japan ... 1.8 1·5 2.6 2.2 2.2 2·4 4·0 8.0 9.0 

Exports from European 
companies to Japan ... 2.2 2.2 1.6 2-4 4.8 4·7 4.8 5·1 3·9 

The figures of this table have been computed from official statistics of for
eign trade. Net imports (or exports) equal imports minus exports (or exports 
minus imports). Output of American-owned European plants, estimated as 
explained in the note to Table 25, is treated as an export from the American 
companies in so far as it is not imported into North America. Because virgin 
and scrap aluminum are not separated in most foreign-trade statistics the 
true relations with respect to virgin metal may be somewhat different from 
those shown in the table. It is believed that elimination of scrap would not 
greatly alter the trends. It might, indeed, result in larger figures of net exports 
from the American companies, because it is very probable that cartel countries 
were larger exporters of scrap than Canada and Norway, in which nearly all 
of the exports from American companies originated. Neither of these two 
countries bas been a large consumer of aluminum. 

Some indication of the results appears in the estimates of Table 
26. Beginning in 1928, the year in which Aluminium Limited was 
created, the excess of American sales in markets served by Euro
pean companies over European sales in America evidently in
creased greatly. (American sales in foreign markets were, of 
course, greater than the figures of the table show by the amount 
of European exports to America.) Nearly all of the American 
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metal sold in foreign markets came from Canada and Norway. Iii 
1928-1930 about 44,000 metric tons of ingot were exported from 
America to markets outside North America, nearly all of which 
went from Canada. Of this total about 21,000 tons were sent to 
Japan, where the sales of European companies were diminishing. 50 

Several thousana tons were exported from Canada to England. 
Because of the impossibility of dividing Norwegian exports accord
ing to plants of origin, we cannot determine the total sales of Alu
minium Limited in Europe. Reference to Table 23 indicates that 
the net exports of cartel countries to all other countries were 
largest in the middle twenties and declined thereafter to a posi
tion roughly similar to that prevailing in the earlier twenties. In 
1928 and 1929 Great Britain, Germany, and France had very 
small net exports to countries other than cartel countries. Swiss 
exports to countries outside the cartel group were but little larger 
than five years earlier, while Norwegian sales outside cartel coun
tries had diminished. Clearly, Aluminium Limited was obtaining 
an increasing proportion of the business in markets outside North 
America, and the sales of the European producers outside cartel 
countries were not increasing rapidly. We should like to know 
the extent to which the foreign sales of Aluminium Limited were 
enlarged without price competition, through additional sales ex
penditure or quality competition: Apparently price competition 
took place in Japan and not in Europe. Unfortunately, for reasons 
explained, it cannot be determined exactly howJD.uch metal Alu
minium Limited sold in Europe proper and how much in other 
countries (outside Japan and Nortll America). From 1923 until 
1927 the United States and Germany exported~nearly equal 
amounts of half-products. to India. Beginning in the latter year 
exports from the United States grew markedly, while those of 
Germany fell off.51 The exports from the United States may have 
been chiefly metal belonging to Aluminium Limited fabricated in 

.. Perhaps they were declining more than the figures of the table show. It is 
impossible to discover the origin of exports from Norway to Japan, which amounted 
to about 1,000 tons per year, 1928-1930. In the table they are credited entirely to 
European firms. 

Ii1 United States exports to India ranged between 1,200 and 1,600 tons in the years 
1924-1926, while those of Germany were from 1,000 to 1,300 tons. In the four 
years 1927-1930 half-products sent from the United States amounted to between 
2,000 and 3,000 tons per year and those from Germany diminished to less than 1,000 

tons. 
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this country. In the past few years the Ottawa agreements have 
aided England and Canada, which have been the chief exporters of 
half-products to India.12 In this instance of oligopoly it appears 
that Aluminium Limited enlarged its share of the market, in some 
places by price competition, in others by such methods as increased 
selling expenditures or quality competition. 

It is impossible to ascertain exactly how the Alliance cartel has 
affected the shares in the world market outside the United States. 
Aside from the great increase in German output a few tendencies 
of recent years are evident. In 1933 and 1934 Canadian exports 
to markets outside the United States were larger than in any pre
vious year with the exception of 1929. Since 1930 Canadian ex
ports to Japan have maintained their lead. Swiss exports in 1933-
1935 had not yet reached the level of 1925-1929. English exports 
in 1933-1934 remained well below the figures of 1925-1931, while 
German exports have been less than 1,000 tons since 1933. Of 
the cartel countries Germany and Great Britain have continued 
to be the chief importers. The relative increase in consumption 
in England in 1935 may reflect chiefly rearmament demands. Evi
dently the tremendous increase in demand in Germany in 1934 and 
1935 was due to rearmament and the policy of self-sufficiency. 
Prediction of future relations would be well-nigh worthless. 

Detailed analysis of the relations of investment and demand 
in the several countries of Europe is without the compass of this 
book. In closing this chapter a few of the characteristics of each 
national market may be summarized. France has shown the 
nearest approach to the simplest case of private monopoly pro
ducing only for a national market. Here it would appear that in 
the post-war period effective demand was not pushed forward 
as swiftly as in some other countries, capacity was expanded less 
rapidly, and profits were greater. In England high costs and free 
trade helped to keep aluminum capacity relatively small un
til slowly maturing plans involving government encouragement 
brought a marked increase in the late twenties. Burdened with 
some uneconomic capacity resulting partly from the war, the 
German government corporation seems to have pursued policies 
quite similar to those of private business enterprises. Profits were 
good, perhaps quite high in the years following establishment of 

-MW, ltV, 419 (May 8, 1936). 
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the new curl,"ency. Rapid expansion of consumption in Germany 
was shared by other cartel members owing to the lack of protec
tion and the relatively low sales quota of the German producers. 
Until the creation of Aluminium Limiteli the Swiss company was 
the most· international aluminum enterprise in location of plants 
andmarkets. Hence it suffered most from the growth of national
istic tendencies. Investment devoted to the home market was 
apparently restricted enough to yield very good profits. Economic 
nationalism in Italy brought forth a substantial quantity of high
cost production. 



CHAPTER XIV 

RATIONALIZATION IN THE SHORT RUN 

Ir IS manifest that the economic welfare of a community would 
be improved by reduction of the amplitude of periodic °Buctuations 
in total output, real income, and employment, and by a lessening 
of any tendency to greater inequality between income groups 
which may occur with such fluctuations. The sort of adjustments 
to fluctuating demand by an individual firm or a group of firms 
which tend to minimize the wastes of underutilization of eco
nomic resources may be called policies of short-run rationaliza
tion. Rationalization policies will often, although perhaps not 
always, operate against tendencies toward less equal sharing of 
income. 

Fluctuations in estimated output of aluminum ingot in Europe 
and America are shown in Tables 25 (p. 308) and 38 (p. 569). 
Price data appear in Tables 13 and 14 (pp. 24<r243), Table 19 
(p. 287), and in pages 265 ff. Few figures for changes in employ
ment in the aluminum industry are available.1 Except during 
periods of marked business depression the steady growth in output 
has been interrupted only by slight declines, due probably to 
variations in stream flow, abnormal conditions, minor business 
recession, or changes in the circumstances of market control. 
Except in Germany reduction works seem to have been operated 
close to practicable capacity at all times other than depression. 
During prosperity changes in the prices of aluminum ingot seem 
to have been less frequent and of smaller amplitude than price 
changes in many other industries. The even growth in produc
tion and the relative stability of price are to be explained partly 
by the steady growth in demand, influenced in increasing de
gree by the activities of producers, and partly by variations in 
inventories. It is to be doubted, however, that these results could 
have been accomplished if the number of new entrants had been 
much larger, or if the few producers had adjusted investment to 
demand with less forethought and prudence. From the standpoint 

I Requests for employment figures were addressed to some of the leading com
panies, who replied that they were unable to furnish this information. 
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of general economic welfare the benefits of short-run stability dur
ing prosperity are tempered by the disadvantages of restriction 
of investment. Given appreciable fluctuations in demand 2 some 
underutilization of equipment from time to time is unavoidable 
if ideal investment is to exist, and considerable price flexibility is 
probably necessary to obtain maximum desirable utilization at 
all times. The rest of the chapter will be devoted to the important 
questions concerning the adjustment of output and price to re
duced demand in depression. 

Theoretical analysis of the total consequences of different sorts 
of price and output policies is complicated by the fact that the 
policies of anyone industry exert an influence of greater or less 
magnitude upon conditions in other industries. Mr. D. H. Robert
son has shown that the course of the business cycle may be ap
preciably affected by the price and output policies of producers 
of basic capital goods.3 As a result of the growing adoption of alu
minum for equipment and structures in the last ten or fifteen years 
its demand has become more susceptible to the fluctuations of the 
cycle than was true in the earlier life of the metal, and the poli
cies in this industry now have greater significance for the general 
welfare. 

With a given distribution of money income the real_income of 
the community will in general tend to be greater the closer the 
correspondence between prices and marginal costs for all com
modities. Prices which exceed marginal cost in greater degree 
during depression tend to reduce real income more then than at 
other times. Prices above marginal cost in depression may also 
tend to lessen aggregate output and employment in the community, 
or to prolong depression by inducing more hoarding than would 
occur with lower prices.4 Given quite inelastic demand through a 
range of prices above marginal cost, a price equal to marginal cost 
will enable slightly larger consumption of the article and a little 
more employment in its pr~duction than any higher price on the 

• Although producers can often inftuence the long-run growth of demand it is to 
be doubted that they can ordinarily affect greatly the degree of fluctuation from 
the trend. 

I See especially Banking Policy and 'he Price Level (London, 1926). 
• In an essay "Monopoly Prices and Depression," in a recent volume entitled 

EzploraeiOflS in Economics (New York, 1936), I develop briefly the theoretical 
principles here summarized in part. 
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inelastic stretch. More important, since consumers as a whole will 
spend a much smaller sum on this commodity than they would 
spend if its price were higher, they will be able to spend more on 
other things, with the probable result of larger output and em
ployment in these industries than would obtain otherwise. Fur
thermore, the higher the price on an inelastic range the greater 
the revenue of the producing firm. Some part of this revenue may 
be retained in liquid reserves which would not be hoarded if it 
went instead to labor in other industries. 

In the case of elastic demand at prices above marginal cost the 
probabilities are not so clear. In such a market a price well above 
marginal cost will be attended by much less consumption and em
ployment than a price equal to marginal cost. But if consumers as 
a whole spend in other markets the full amount of the difference 
between what they now spend at the higher price and what they 
would spend at a price equal to marginal cost, total money value 
of consumption will be unaffected and aggregate employment in 
the community may not be appreciably different. High prices in 
such markets may, however, result in more net hoarding in the 
community. Where substitutes are not sufficiently satisfactory 
in quality and price, firms may accumulate liquid reserves for 
replacement and extension, or individuals may postpone replace
ment of durable consumers' goods and set aside funds for their 
future purchase. Finally, a disproportionate decline in the prices 
of raw materials and finished goods in depression, which increases 
the number of bankruptcies and receiverships among finishing 
firms or enhances the fear of failure, may lead to larger cash 
hoards and smaller payments to laborers and investors. In the 
absence of ability to determine the total consequences of any 
policy by a given firm or group of companies it would seem that 
reduction of price to marginal cost would be more likely to benefit 
the whole economy than any other policy.1 In the case of indus
tries whose basic product is sold in markets with differing elas
ticity of demand, there seems to be no more justification for dis
crimination during depression than at any other time. Although 
a discriminatory price schedule may be accompanied by larger 

• In many instances, of course, lowering of marginal costs or government sub
sidy would be required to prevent any reduction in output and employment below 
their pre·depression levels. 
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output and employment than a uniform price yielding the same 
revenue, it will probably not give as much output and employ
ment as a uniform price equal to marginal cost. Reduction of 
price early in depressio~ to a figure equivalent to the marginal 
cost of the estimated amount which could be sold at that price 
might, if it were accompanied by a definite announcement that no 
further price reductions could be expected for some time, have the 
further advantage of materially diminishing the tendency of 
buyers to hold off in anticipation of still lower prices in the near 
future. Absence of variation in price over several months may be 
desirable if the price is at the right level. 

We cannot discover the full consequences of the price and out
put policies of aluminum firms during depressions. Owing to in
adequate information and inefficient analytical tools, the results 
within the aluminum industry itself are not clear, to say nothing 
of the difficulties of tracing repercussions elsewhere. In the fol
lowing pages the available information will be summarized. It 
should be borne in mind that the average prices actually received 
for aluminum in depression were probably less than the list quota
tions of most companies. It has been impossible to ascertain the 
extent of divergence. 

The Aluminum Company of America had sold No. ~ ingot at 
33 cents during the first five years of the century. Beginning in 
1905 price was raised gradually to about 40 cents in 1907. In 
1906 and 1907 aluminum was very scarce and the open-market 
price went above the Aluminum Company's quotations. After the 
crisis it appears that the company lowered its price to 33 cents and 
shut down two-thirds of its greatly enlarged reduction capacity.8 
Substantial reductions in the European price in 1908, which the 
cartel was unable to prevent, were followed by greater cuts after 
dissolution of the agreement.'f In the next two or three years price 
in Europe seems to have fluctuated above and below the average 
cost.s (without profit) of most of the companies. We have seen 
that the low prices in Europe brought a great extension of the 
market and spurred producers to efforts which further enlarged 
it. Output and, it may be inferred, employment actually increased 
in Europe during depression. A comparison of production esti-

• MI. XVII. 15. 16 (1908). 
• Above, pp. 38 and 265 ft. 
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mates with the capacity estimates of Tables 3 and II suggests that 
utilization of a greatly expanded capacity was around 50 per cent 
in 1908, about 60 per cent in 1909, 75-80 per cent in 1910, 70 per 
cent in 19II after the completion of the large Rhone plant, and 
perhaps 90 per cent in 1912. 

Annual American output in 1908 and 1909 seems to have 
reached only about half the total for 1907, although it slightly 
exceeded the average production in 1905-1906. Since American 
capacity was tripled between 1905 and 1908, it appears that little 
more than one-third of capacity was used here in 19°8-19°9. 
With small offerings of European metal in this country before 
dissolution of the cartel the Aluminum Company lowered its price 
to 28 cents. At the end of 1908 it apparently quoted 24 cents, and 
during the following year, when imports of more than 2,200 metric 
tons were sold here for about 21 cents, the 7 cent duty included, 
its quotation went to 22 cents.8 Imports increased to nearly 5,500 
tons in 1910 and continued to grow until the war.9 At the end of 
1911 the price of foreign metal in New York sank to a new low of 
18.5 cents, duty included. The Aluminum Company was meeting 
the prices of foreign metal to some extent, although it appears that 
it did not cut its formal quotations to such a point.10 Profits of 
the leading firms were evidently fairly good during the years 1908-
1912.11 Much lower prices than had existed before 1908 brought 
large increases in consumption on both sides of the Atlantic. 
While stocks accumulated somewhat in the United States, they 
were swept off by a spurt in demand in 1912. Under the influence 
of bustling demand and reconstitution of cartel control in Europe 
the price of foreign aluminum in the American open market rose 
to about 25 cents in the last quarter of 1912.12 The Aluminum 

• MI, xvm, 17 (1909). Prior to 1909 imports had never reached 500 tons per 
year and had averaged about 270 tons annually. Most of this probably came from 
Canada. 

• It is Impossible to discover what portion of the imports came from the 
Canadian plant of the Aluminum Company or wbat proportion of total sales in 
tbe United States went to European firms. Countries of origin are not distinguished 
in United States import statistics until 19I2 and production data afford no reliable 
indication of sales. Canada exported about 2,700 tons annually, 1909-19II, and 
three times u much in 1912 (United States Tariff Information Survey, 1921, C-16, 
P.45). It does not appear how much of this came to the United States. 

II EMI, XCIII, 970 (May 1912); XCIV,529 (September 1912) • 
.. See above, pp. 226 and 266 fl. 
IITariff Hearings, 1913, House Doc. no. 1447. pp. 1485-1486. 
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Company kept its price at 2 I cents. It is doubtful that price would 
have fallen as far or consumption have been as large on either side 
of the ocean if effective cartel control had existed throughout the 
depression. 

The experience of 1920-1922 was somewhat similar to that of 
the earlier depression. When demand fell off in the autumn of 
1920, salesmen of the Aluminum Company were instructed to re
vamp contracts for 98-99 per cent ingot for 1921 at the price of 
32.8 cents which had prevailed since early 1919, except for a few 
months in 1920 when it had been slightly higher.13 In Europe, 
where effective agreement had not yet been reached, price was 
equivalent to about 28 cents a pound in 1920 and fell to about 19 
cents in 1921-1922.14 Once again the American market, now acces
sible over a tariff of 2 cents only, became the recipient of large 
quantities of European metal. Imports of over 12,000 tons from 
foreign producers in 192 I amounted to half the estimated output of 
primary aluminum in the United States. In the following year ship
ments from foreigners were apparently 2,000 tons larger than in 
1921. Imports of ingot from European producers were apparently 
equivalent to about 35 per cent of total sales of primary aluminum 
in all forms here in 1921 and about 20 per cent in 1922.15 The 
New York open-market price, which gives some indication of the 
quotations at which foreign metal was sold here, sank from 32 
cents in the middle of 1920tO 24. cents at the end of the year and 
continued to decline steadily to a~ low of 17-17.5 cents early in 
1922. The Aluminum Company's list price followed the open
market quotation downward with a substantial lag. Between 
August and November 1921 its schedule price of ingot was sus
pended. List quotation was resumed at 19 cents, where it remained 
until the duty was raised in September 1922. The open-market 
price continued to be 1-1.5 cents below the Aluminum Company's 
list price until 1923. 

:rotal European output declined from a yearly average of about 
56;000 tons in 1919-1920 to an average of 46,000 tons in 1921-
1922, a reduction of less than 20 per cent. In the United States it 
is estimated that the yearly average fell from about 60,000 tons 

,. BR, p. 225; BMTC v. ACOA appellant, Exhibit 344 . 
.. Prices in London and Swit2erland have been taken as typical. 
'" See n. 42, p. 81 and note to Table 27. 
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in 1919-1920 to about 30,000 tons in the next two years.1S Esti
mates of the totals of output in the United States plus imports 
from Europe show a larger decline in this depression than esti
mates of European output minus exports to the United States. 
The payroll of the Aluminum Company of America was reported 
to have dropped from a total of 21,000 persons on January I, 

1921, to 8,000 within the next eleven months.l1 

The AIAG and the British Aluminium Company both returned 
earnings in each of the years 1921 and 1922 equivalent to about 
half the annual earnings in 1919 and 1920. The Compagnie AFC 
earned a small return in 1921 and a moderate one in 1922. The 
Aluminum Company of America suffered a loss in 1921 and earned 
a small return the following year. 

The situation in the first few post-war years was so chaotic that 
it is difficult to determine the extent to which aluminum producers 
pursued competitive or oligopolistic policies. The price decline 
was influenced by government sales of stocks acquired before the 
armistice. Recovery from war materials enlarged the supply of 
secondary metal. Currency depreciation aided some European 
firms in keeping output at a high leveP8 It is possible that the 
smallness of the drop in output in Europe was due chiefly to 
factors other than price competition, but the history of cartels in 
this industry affords little basis for the supposition that price 
would have been reduced as far if effective market organization 
had existed. 

It appears that the European firms engaged in active price com
petition with the Aluminum Company of America, which did not 
retaliate by undercutting but attempted to brake the fall of price 

so According to the estimates the proportionate drop in Canadian production was 
Dot 10 great. Figures for total American production have Dot been used at this 
point because there is reason to doubt the Canadian estimates for these years. 

"United Stales Tariff Commission, Digest 0/ Tariff Bearings be/ore the Commit
tee 011 Finance, United States Senate (1922), p. 230. In France the average number 
of employees in aluminum reduction works was given as I,IIS in 1919, 1,100 in 
1920, 633 in 1921, and 8S2 in 1922 (Ministere des Travaux Publics, Statistique de 
I'indrutm ffJinlrale). These figures are not comparable with those of the Aluminum 
Company, which include employees at all stages. Unemployment is probably 
greater in the stages beyoDd ingot, in many of which operations take the form of 
productioD to specification. 

'"This was particularly true in Germany. Although little ingot aluminum was 
ezported from Germany in these years large amounts of German aluminum ware 
were IOld in England and America. 
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by acting rather more oligopolistica1ly. The lag in the downward 
movement of its list quotation also suggests that price would not 
have gone as low here in the absence of price competition. The 
Aluminum Company could probably have diminished the fluctua
tion in its own output and employment if it had stabilized price 
temporarily at a figure around 20 cents late in 1920. Although 
some part of the imports was doubtless prompted by a desire to 
accumulate stocks in this country in anticipation of a rise in price 
following an increase in the duty, it is probable that the low price 
here in 1921 and 1922 resulted in much larger consumption than 
would otherwise have existed. The demand from the automobile 
industry, which then used large quantities of aluminum, was prob
ably quite elastic, owing to the existence of. substitutes. In this 
depression price competition in this country evidently tended to 
lessen the fluctuation in consumption of aluminum here and the 
fluctuation in output and employment in the European aluminum 
industry. If the Aluminum Company had taken the initiative in 
drastic price reduction the latter result might have obtained here. 
The benefits of larger consumption of aluminum and more em
ployment in its production, which ensue from price reduction in 
markets with elastic demand, might have been nullified from 
the standpoint of the whole economy by corresponding losses in 
the industries producing substitutes. It should be recognized, 
however, that when the same commodity is sold also in markets 
with inelastic demand, a uniform price reduction will tend to con
fer net benefits upon the whole economy because larger sums may 
be spent on other goods and hoarding may be less. In the absence 
of price competition reductions may be confined to some extent 
to markets with elastic demand, with the possible result of no 
decided gain for the economy as a whole. 

If price had emerged from the depression at a much higher 
level, it might have moved on a somewhat higher plane for several 
years. The growth in consumption beginning at the end of 1922 

and the consequent scarcity in 1923-1924 might have been much 
less striking, and hence the marked elasticity of demand at lower 
prices much more tardily appreciated. 

During the recent depression market control by the interna
tional cartel was not only maintained, as it had not been in previous 
depressions, but strengthened. At the beginning of the depres-
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sion the cartel price was £95 per long ton, equivalent to 20.6 
cents per pound. In October 1930 the quotation was lowered to 
£85; and coincident with the effectiveness of the Alliance agree
ment at the beginning of 1932 it was reduced to £80 gold per long 
ton, or about 17.4 cents per pound. According to report, world 
stocks had increased by this time to about 150,000 tons, approxi
mately two-thirds of which were in the United States.19 The Alu~ 
minum Company's list price had remained unchanged since the 
end of 1927 except for a reduction of I cent when the tariff was 
lowered from 5 cents to 4 cents per pound in the middle of 1930. 
Regulation of output by the Alliance cartel and its provisions for 
financing of stocks which kept them in the hands of producers 
seem to have enabled fairly effective price controJ.2° During 1932 
and 1933 the total estimated output of Europe plus Canada was 
only a little over 100,000 tons per year, or about 50 per cent of an 
estimated capacity of 205,000 tons. The increase in stocks of 
Alliance members was halted in 1932, and thereafter they were 
diminished each year by sales in excess of output.21 In the spring 
of 1936 stocks of the Alliance were said to be no more than enough 
to meet a half-year's demand.22 Stocks in the United States evi
dently failed to increase after 1932 and diminished in 1934 and 
1935,28 with the result that world stocks were lowered to 100,000 
tons by the end of 1935.u 

The official cartel quotation of £80 gold per long ton, or 2 Swiss 
francs per kilogram, remained unchanged, except in England, 
until 1934. After England left the gold standard in the fall of 1931 
the London price was quoted at £95 paper. In September 1932 it 
was raised to £100 paper,2G where it remained in the fall of 1936. 
Stability of the price in paper pounds was equivalent, of course, 
to a separate fluctuating price in gold as the pound changed its 

• Me/all 14M ErJ, XXVIII, 517 (November 1931), and information from the 
League of Nations. 

·Cf. a statement in the annual report of Aluminium Limited for 1932: "World 
stocks of aluminium are not excessively large. They are in firm hands and do not 
weigh unduly upon the market." 

-MW, XII, 233 (April 21, 1933), :xm, 268 (April 13, I934), XIV, 334 (April 
26.1935); AG, xxx, 693 (June 23, I934). 

-MW, XV, 42S (May 8, I936). 
• Thit it inferred from comparison of the estimates of output and sales given in 

Table 27, p. 325. 
• MW, xv, lU (April 3, I936). • MW, xv, 1032 (May 29, 1936). 
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gold value. Other separate domestic prices emerged later. In 
November 1934 price in Germany was lowered from 1.60 RM to 
1.44 RM per kilogram, where it remained in October 1936.28 In 
October 1934 the French price was reduced by I franc to 9.So 
francs per kilogram.27 It appears that these quotations were still 
given in the middle of 1936, when the international price appli
cable to countries outside the group- with special domestic prices 
was still quoted at the figure of 2 Swiss francs established in 1932. 
To s!)me extent, however, the international price represented only 
a nominal quotation throughout the depression. Sales were made 
in Russia at figures well below the official price. Annual reports 
of the AIAG indicate that most sales abroad had to be made at 
much lower prices than sales at home. 

The official cartel price of aluminum in 1932 had been lowered 
only about 20 per cent below the average for the years 1927-
1929. This was about the same proportionate reduction as that 
exhibited by a group of commodities in Germany subject to cartel 
or trust control, while prices of a group of goods sold in Germany 
without organized market control had fallen to SO per cent of their 
average for the last three years ofprosperity.28 Average receipts 
per kilogram were less than the official cartelpiice because of a 
discriminatory price structure in home mar}tets, as well as foreign 
sales at low prices. Reference to the ratios of Table 20 discloses 
that little aluminum could have been sold at the published price in 
competition with copper during the depression. With a nominal 
price of £80 gold per long ton in 1932, consumers who could sub
stitute copper were paying only about iSS for the lighter metal in 
one country. £10 to £IS more- was received from the automobile 
industry and still higher prices from markets in which substitution 
was less satisfactory, with the result that the average price from 
all markets was £7cr-£7S. Evidently price was reduced by different 
amounts in segments of the market having different elasticities of 
demand. This could not, of course, have occurred with energetic 
price competition. 

Total European output of primary aluminum declined very 

"Ibid. 
!II AG, XXXI, 782 (June 22, 1935). Price in Italy also moved separately . 
.. The index numbers for F,eie and Gebundene P,eise given by the Institut fUr 

Konjunkturforscbung have been reduced to a 1927-1929 base for this comparison. 
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little in 1930. In the following year it amounted to a little over 
80 per cent of the 1929 figure. Curtailment in 1932 and 1933 car
ried output in each of these years down to about 65 per cent of the 
1929 high. Before the great increase in production in Germany 
beginning in 1934 the proportions in which output was shared be
tween the European members of the cartel had changed markedly. 
Estimated output in the leading countries in 1931 and 1932 was 
equivalent to the following percentages of their yearly average pro
duction in 1929-1930: 

I93I I932 

France. . . . . . . . .. 65 55 
Germany. . . . . . .. 85 60 
Switzerland. . . . .. 55 41 
England. . . . . . . .. 101 74 
Norway. . . . . . . .. 87 72 
Italy ............ 135 180 

The dependence of the Swiss on a contracting foreign market, the 
comparative mildness of depression in England, and the deter
mination of Italy to expand output are reflected in the figures. 
One might infer that the British received a larger quota when the 
Alliance was formed and the Swiss a smaller one. 

The leading European al\lminum companies have shown earn
ings on capital in every year throughout the depression. It will be 
recalled that the rates of return appearing in Table 18 tend to 
understate the return on depreciated investment in the case of 
the Compagnie AFC and the AIAG. In 1931 the Compagnie AFC 
reduced its depreciation charge to an amount equivalent to about 
4 per cent of original cost of fixed investment. In the following 
years it averaged a little less. If these charges fell short of true 
depreciation the rates of return in the table may represent no 
understatement. The amortization charge of the AIAG, which 
had been averaging about 2 per cent of original cost of fixed in
vestment in the latter twenties, was reduced to about I per cent 
during the years 1931-1933. If it had been maintained at 2 per 
cent the rates of return upon investment w~)Uld have been reduced 
by only about a half of 1 per cent. In the case of the Vereinigte 
Aluminiumwerke the ratio of depreciation charges to fixed assets 
was not much reduced in depression. Earnings reported for 1933 
and 1934 would have been much larger if it had not been for special 
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write-offs in those years.29 In 1931 and 1932 profits reported by 
the British Aluminium Company averaged nearly 80 per cent of 
the average profits of the years 1926-1929. This percentage fell 
to 40 in 1934 but rose to nearly 60 in the following year. In view 
of the severity of the depression, the profit record of the European 
aluminum companies is striking. 

In its first full year of operation Aluminium Limited seems to 
have earned almost 6 per cent on total net depreciated assets of 
about $65,000,000.30 . Average annual investment grew slowly 
to about $70,000,000 in 1932 and thereafter declined to about 
$68,500,000 in 1935. In 1930 a tonnage exceeding current output, 
estimated at 34,000 metric tons or slightly larger than in 1929, 
was sold at lower prices yielding earnings of a little over 3 per cent 
of investment. In each of the next two years sales were approxi
mately 27,000 tons. Reduced consumption and lower prices re
sulted in earnings of only about one-half of one per cent of 
investment in each of these years. In the four years 1932-1935 out
put averaged scarcely 50 per cent of capacity. Higher prices inci
dent to appreciation of foreign currencies brought a rate of return 
of about 1.5 per cent in 1933, although sales were less by 3,000 
tons than in the preceding year. With reductions in cost and con
tinued improvement in demand the company showed earnings of 
over 3 per cent in 1935. Depreciation charges .were about 4 per 
cent of gross value of land, plants, and facilities in 1929 and 1930. 
In the next three years they were reduced to a little over 3 per cent. 
In each of the years. 1931 and 1932 the difference between the 
amounts charged to depreciation and sums equivalent to 4 per 
cent were just about equivalent to the small earnings shown. In 
1933 a 4 per cent depreciation rate would have reduced the rate of 
return on investment to about 1 per cent. 

During the recent depression, imports into the United States 
from European companies diminished instead of increasing as in 
earlier depressions. Shipments to this country from European pro
ducers of virgin may have declined a little more or less than is 
indicated in the figures of Table 27, which include imports of 

'"'In 1933, 3.3 million marks were deducted for equipment partially or wholly 
abandoned, and in 1934 inventories or short-lived equipment were written down 1.5 
JIlillion marks . 

.. Information presented in this paragraph has been taken from annual reports of 
the company and the estimates of output in Table 38. 
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TABLE 27 

STAn5TICS OF OUTPUT AND SALES OF ALUloIINUH IN THE UNITED STATES, 

1926-1935 
(Metric Tons) 

(I) 

Year 

1926 
1927 
1928 
1929 
1930 
1931 
1932 

1933 
1934 
1935 

(2) 
Eaima.... Output 

(3) 
Enima .... Soles 

of Prima.., of AiUm1DUDl ia 
Aluminum In.. All Fol'IDI in the 

iD the UDi .... Uoi .... s .. ta by 
Srata- Aluminum Com-_ of America t 

66,850 77,550 
74,200 72,630 
95,500 103,760 

103,400 101,070 
103,900 64,250 
80,530 47,490 
47,600 31,IIO 
38,600 39,105 
33,646 53,370 
54,II3 72,000 

• From Table 39. 

(4) 
Imporu 

from 
European 
P ..... ucen* 

18,400 
13,830 
7,020 
8,020 
6,050 
5,090 
2,720 
6,080 

(5) 
Eni ....... Total 

(6) 
Imporu from 

Soles of Primary Europcao. 
Aluminum ill AU Producen AI 

Forms in the Proportion of 
United Stata I Total Sales in 

(3) + (4) the UDi .... 
S ..... 

(4) -;- (5) 
(per ,m,) 

95,950 19·18 
86,460 16.00 

IIO,780 6·34 
109,090 7·35 
70,300 8.60 
52 ,580 9.68 
33,830 8.04 
45,185 13.46 

t Total sales of Aluminum Company minus (1) total exports from the 
United States of aluminum ingot, plates, sheets, tubes, castings, etc., and (2) 
exports of ingot, blocks, bars, etc., from Canada to countries other than the 
United States in the years 1926-1928. (Since the Canadian plants were turned 
over to Aluminium Limited in the Iniddle of 1928 only one-half of the Cana
dian exports of that year were subtracted. Exports of aluminum utensils and 
lome other manufactured articles from the United States cannot be deducted 
because government figures report only value in these years. For the same rea
son exports of fabricated aluminum from Canada cannot be subtracted. In 
neither case would it appear that the tonnage exported was large in the years 
covered by the table.) Total sales of the Aluminum Company, 1926-1931, 
are from BMTC v. ACOA appellant, Exhibits 288-293; 1932-1934, estimated 
from statements in each annual report on the proportionate increase or de
crease in sales compared to those of the preceding year. * From Table IS. 

I Includes imported scrap and secondary aluminum and any scrap entering 
into articles sold by the Aluminum Company. Excludes a small quantity of 
imported fabricated aluminum. 
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scrap and secondary aluminum.at According to the estimates in 
the table, imports from European producers amounted to a 
somewhat larger proportion of total sales of virgin aluminum in 
all forms in the United States during the years 1930-1932 than 
in 1928 and 1929, but a much smaller proportion than in 1926 
and 1927. A conspicuous increase is indicated for 1933, perhaps 
explainable as a wager on inflation in this country. No figures 
for imports from European producers in 1934 and 1935 are avail
able. Inasmuch as allocation of the total amount of imports in 
1934 to the European firms would give them a percentage of 
total sales almost identical with that of 1933, it is probable that 
their proportion dropped somewhat. Apparently the percentage 
fell farther in 1935, because total imports increased in less pro
portion than estimated sales. 

The New York open-market price, which in the main seems 
to be a "spot" quotation, remained equal to the list price of the 
Aluminum Company throughout the years 1930-1933. (See 
Table 14.) In 1934 it seems to have fallen by about 3 cents. 
Although it does not appear that the list price of the Aluminum 
Company was lowered in 1934, the American Metal Market, 
which had formerly reported the company's ~list price, began 
early in 1934 to report lower figures for the company's price. If 
the average price paid by consumers of Ingot was in' fact lower 
in 1934 and 1935 this may have been due to price competition. 
Evidently the list price of the Aluminum Company was un
changed between the end of i927 and November 1934 (the last 
date for which we have definite information), except for a re
duction of 1 cent in 1930 corresponding to the reduction in the 
tariff.S2 

To some extent the stable list price of the Aluminum Company 
has been merely a nominal quotation during depression.ss Ac
cording to testimony the leeway given salesmen to sell at prices 
below the list to meet particular circumstances has been much 

81 Official statistics do not separate imports of the primary metal. An official of 
the Aluminum Company testified in I933 that imports had been largely virgin 
aluminum (BMTC v. ACOA appellant, fol. I476). 

"The list prices of 22.9 cents for 9lH)9 per cent ingot and 23-3 cents for 99 per 
cent ingot established in June I930 were maintained through November I934, ac
cording to data in Exhibit 556 in BMTC v. ACOA appellant. 

"Ibid., fols. 5725-:-5730. 
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greater during depression than at other times.Bi Data are not 
available to show the extent of actual price reductions during the 
most severe part of the depression. It appears that the company's 
average sale price per pound of ingot of all grades fell from 
about 22.8 cents in 1928 and 1929 to 22.3 cents in 1930 and 
21.2 cents in 1931, an indicated decline-which exceeded the re
duction in list prices by less than a cent.85 Evidently cuts from 
the list became larger as conditions grew worse. An examination 
by representatives of the NRA of the record of ingot sales of 
the Aluminum Company during a part of 1934 indicated that 
different prices were charged to different groups of purchasers in 
accordance with the degree of price competition from substi
tuteS.B8 Price competition from producers of secondary alu
minum probably had the same sort of effect as that of other 
substitutes. The differential between published prices of primary 
and secondary ingot fell from 1-2 cents in the years 1922-1929 
to 5-6 cents in 1931-1932.37 There was some price competition 
from European producers.as The decline in imports from Euro
pean firms and the continuous correspondence between the New 
York open-market price and the list price of the Aluminum Com
pany throughout the years 1930-1933 indicate, however, that 
it was less severe than in earlier depressions. Existence of dif
ferent prices to different groups in 1934 shows that neither com
petition from European producers nor from makers of secondary 
ingot was strong enough to produce a uniform reduction.3s 

In 1930 and 1931 the output of the Aluminum Company was 
maintained close to the 1928-1929 level, and stocks accumulated 
rapidly. (See Table 27.) The company borrowed $27,5°0,000 
to keep a high rate of operations and sustain employment.4o As 
sales continued to drop, output was apparently curtailed in 1932 
to less than 50 per cent of the amount produced in each of the 
years 1929 and 1930, and was further restricted in 1933 and 
1934. In 1933 about one-third of capacity was being utilized and 

"'Ibid., fols. 1366-1370. 
-Ibid., Exhibit 449. 
-HR, P.14. 
• Prices from America .. Metal Markd as reported in HR, p. 7. 
-Ibid., pp. 4, 8, and IS j BMTC v. ACOA appellant, Exhibits 347""397 and 556. 
• Cf. HR, p. 14. 
• BMTC v. ACOA appellant, fol. 5728. 
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stocks had grown to 135,000 metric tons.41 In the two succeed
ing y,ears an improvement in sales which was not matched by 
the increase in production carried inventories well under 100,000 
tons. 

According to estimates based upon annual reports, the Alu
minum Company received an average return of 2.6 per cent on 
total assets in the five years 1930-1934. (See Table 12.) With 
the exception of a small deficit in 1932, some earnings were 
shown in every year of the depression. Reductions in the ratio 
of annual depreciation charges to the gross value of fixed plant 
explain only a small part of the earnings during depression, 
if any!2· 

That part of investment actually used during depression may be 
estimated roughly by applying to the investment figures of Table 
12 the ratio of ingot output to ingot capacity or of tonnage sold to 
capacity in each year. If the ratio of output to capacity is em
ployed,the indicated rates of return upon investment used in the 
five years 1930-1934 are 5.8, 4.2, -0.6, 4:7, 13.1, making an 
average of 5.4. Use of the ratio of tonnage sold to capacity gives 
the rates of return as 8.2, 6.7, -0.8, 4.3,7.7, making an average of 
5:2. Since the figure for "investment used" in each year still con
tains its proportionate part of the idle ore and power reserves in
cluded in total investment, these figures tend to understate the 
returns upon the real amount of investment used. The rates of re
turn upon that part of investment used in producing aluminum 
which was sold during these five years must have been much larger 
still, for expenses amounting probably to several million dollars 
were incurred to produce nearly 50,000 tons of metal which was.. 
not sold. The reported earnings represent, of course, revenues 

"lb.id., foI. 1282 • 

.. In 1930 and 1931 the annual charge to the lump reserve labeled "depreciation, 
depletion, and workmen's compensation insurance" bore approximately the same 
ratio to gross value of land and plant at the end of the year as in 1927-1929. In 
each of the following three years charges to this reserve, although larger, bore a 
somewhat smaller ratio to plant account, which was increased in 1932 by the 
transfer of assets formerly represented by securities of non-consolidated sub
sidiaries. If the 1927-1929 ratio had been maintained throughout 1932-1934, the 
average rate o{ earnings for 1931rI934 would still have remained above 2 per cent. 
Beginning in 1932 the account was labeled simply "depreciation and depletion." If 
no reserve for workmen's insurance was included in it, the ratio of depreciation to 
fixed investment may not have declined at all during depression. 
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after subtraction of costs incurred in producing metal which went 
into inventory as well as metal sold. These considerations sug
gest that an income sheet which isolated expenses and revenues 
for the metal sold would show for 1930,1931, and 1933 earnings 
at least equivalent to a normal return upon investment used to 
produce this part of the product, and might show an average rate 
of return for the five years 1930-1934 which was not below nqr" 
mal. Given less than best utilization of capacity, a normal rate 
of return upon that part of investment whose product is sold indi
cates that the average price received is above marginal cost of the 
output sold.48 It is impossible to discover whether the company 
produced in the years 1930-1932 more metal than could have 
been sold at prices equal to its marginal cost. 

Whether price went down to marginal cost in Europe or the 
United States in 1908-1910 and in 1921-1922 we do not know. 
One might infer that it approached marginal cost more closely 
in the earlier depressions than in the years 1930-1934, and that 
price cuts were more nearly uniform in sections of the market with 
differing elasticities of demand in the earlier depressions. In the 
recent depression price reductions in markets with the more elastic 
demands enabled larger consumption and probably more employ
ment in the aluminum industry than would have occurred with 
higher prices. Whether prices in these markets fell to marginal 
costs cannot be determined. It appears that prices in some other 
markets were not lowered as much. The earnings records of nearly 
all the leading companies suggest that prices in some markets were 
above marginal cost unless those in others went below it, whicb 
is to be doubted. If prices in markets with quite inelastic demand 
remained high, there was a tendency to intensify depression be
cause part of the sums spent upon aluminum might have main
tained larger output and employment in other industries, without 

• This can be shown as fonows. In addition to the familiar curves of total average 
unit cost, average variable cost, and marginal cost, let there be drawn a second 
curve of total average unit cost upon the assumption that aggregate capital costs 
are reduced in the same proportion as output, or, in other words, that capital cost 
per unit remains constant at the amount given by best utilization. This curve, which 
parallels the average variable cost curve at a distance above it equal to the con
stant capital cost per unit, will lie above the marginal cost curve until it meets the 
latter at the point of best utilization. Hence any price upon this curve, which would, 
of coune, yield normal returns on the investment used, will be above marginal 
cost. 
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diminution in consumption and employment in the aluminum in
dustry, had the prices of aluminum been lower; unless, indeed, 
these sums were used to produce for inventory in the aluminum 
industry. In the first part of depression production of most firms 
exceeded sales appreciably, but this does not seem to have oc
curred in Europe after 1931 or in the United States after 1932. 
The financial reports of the aluminum companies give very little 
indication of hoarding. No further information upon the question 
of hoarding is available. On the basis of the evidence. here sur
veyed it would appear that lower average prices and greater uni
formity as between markets with differing elasticities of demand 
would have given better rationalization than the policies followed 
by the aluminum companies in this depression. 



CHAPTER XV 

CONCLUSIONS AND POSSIBILITIES 

I. THEORETICAL COMPARISON OF DIFFERENT TYPES OF 

MARKET CONTROL 

SOME of the analysis of the last six chapters may be summarized 
in the following conclusions, which must be regarded as tentative, 
owing to limitations of data and method. Since the earlier years of 
the aluminum industry single-firm monopoly has not been required 
for a high degree of efficiency in the production and marketing 
of ingot except in the smaller markets of some European countries. 
In the United States it appears probable that the investment main
tained by the Aluminum Company has not ordinarily fallen far 
short of an amount proper to maximum profit with current effec
tive demand. It may have been larger at times, particularly in 
the late twenties. The rate of earnings upon total assets seems 
to have been much lower in good years during the post-war period 
than before. This result may be partially explained by the growth 
of idle investment in reserves of ore and power. For the rest, it 
was apparently due to the influences which account for a tendency 
during the twenties towards a progressively lower rate of return 
upon the investment devoted to some particular markets. Greater 
elasticity of demand for aluminum in several new uses and in 
some older employments was a significant factor. Overestimates 
of effective demand, a policy of selling at low prices to encourage 
rapid development of demand, unavoidable provision of excess 
facilities in some fabricating branches, or expansion prompted by 
nonprofit motives may have contributed in varying degree to 
these results. The estimates of earnings given in Chapter XI do 
not suggest, however, that operating investment was as large as 
ideal investment with respect to current effective demand in all 
markets. Effective demand was pushed forward markedly. 

In the first seven or eight years of the century the expansion 
of capacity of the few European producers did not keep step with 
a rapid growth of demand, which they had done little to bring 



332 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

about, with the result that their investment may even have been 
too small for maximum profits. High prices and large profits may 
have been facilitated by a rather weak cartel. After the cartel 
had disintegrated in 1908 as a result of internal friction, influx 
of new firms, and depressed markets, a much better relation be
tween demand and a greatly expanded investment was brought 
about by low prices and aggressive cultivation of new markets. 
The post-war history of this industry in Europe has been charac
terized by a tendency towards competitive adjustments in ex
pansion of capacity, in accumulation. of reserves of bauxite and 
power, and in development of new adaptations of the basic prod
uct, which have interacted to push effective demand ahead rapidly 
and to keep total European operating investment somewhat larger 
than amounts appropriate to maximum profit. The relation be
tween investment and current effective demand seems to have 
become progressively less restrictive during the twenties in those 
markets where elasticity of demand was increasing and in foreign 
markets where price competition prevailed part of the time. 
Whether the same tendency existed in other markets is not clear. 
It appears that the rates of earnings of the leading European com
panies were lower in post-war years. than earlier; but it is probable 
that they remained somewhat above normal earnings and possible 
that they were much above this standard. Until 1932 , cartel agree
ments were not strong enough to exercise a dominant influence 
upon the long-run relations of investment and demand. Further, 
neither the nature of technological conditions and industrial struc
ture in the aluminum industry nor the circumstances governing 
entry to the field are such as to lead to the belief that serious 
overinvestment would occur in the absence of agreements be
tween producers. 

During prosperity nearly all reduction works have always been 
operated at practicable capacity. Prices have in general exhibited 
a relatively high degree of stability, both with respect to frequency 
and amplitude of change. In the depressions of 19°8-19°9 and 
1921-1922 price competition, originating among European com
panies, resulted in great reductions in prices on both sides of the 
Atlantic, which probably enabled larger consumption and employ
ment in this industry than would have existed with stronger con
trol of price. The Alliance cartel was evidently able to preserve 
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effective price control during the recent depression. Although 
some price competition occurred in the United States, it was ap
parently less severe than in earlier depressions. Both in Europe 
and in America price reductions seem to have taken the form of 
varying concessions from list prices in markets with differing 
elasticities of demand. If prices had been.lower in markets with 
inelastic demand, consumers would have spent less upon alu..,. 
minum, without discouraging consumption and employment in 
this industry, and output and employment in other industries 
might have been somewhat greater as a result of the expenditure 
of larger sums upon their products. 

Analysis of the facts does not in itself enable us to decide which 
type of market control is most likely to yield the closest approach 
to ideal market relations. Comparison of the consequences of 
different types of market organization in Europe is not entirely 
conclusive because they have operated under somewhat different 
conditions. Comparison of the results of single-firm monopoly in 
the United States with those of different mixture!\ of oligopoly 
and agreement in Europe is in the main even less satisfactory. 
But the analysis of the preceding chapters furnishes a background 
of knowledge for a hypothetical comparison of the consequences 
of different types of market control functioning under the same 
conditions. In this operation, to which we now tum, only the more 
general tendencies will be developed. Different sorts of govern
ment participation in market control will be discussed in the fol
lowing section of this chapter. 

Let us make the following assumptions, which seem to accord 
with the more general technological and business characteristics 
of the aluminum industry. (I) A homogeneous basic commodity, 
ingot, is manufactured in various alloys, forms, and shapes for 
many uses by a firm or firms integrated vertically from ore to 
markets. In general it is assumed that, owing to scientific test
ing, differentiation of the products of several firms will consist 
principally of differences in quality or suitability or in new varia
tions. (The existence of one-stage fabricating enterprises will be 
ignored until late in the analysis.) Capital equipment must be ex
panded in substantial chunks, and is highly specialized and quite 
durable.1 (2) Total demand is large enough so that several effi-

• The influence of improvements in administration and equiPlDent for producing 
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cient firms may exist and make normal returns when operating at 
capacity. Average full cost at best utilization will be about the 
same whether one or several firms exist,2 although it would be 
higher if there were many firms, each much smaller. Differences 
in the size of companies will depend upon differences in the effi
ciency of management, site characteristics of power developments, 
locational advantages, and the like. It is further assumed that 
every regional market can be reached by more than one firm. If 
enterprises are to have efficient structure and location this may 
require some freight absorption and hence prices somewhat above 
cost in territory adjacent to some plants. The problem of the 
best geographical price structure is not examined in this book. 
(3) The firms whose activities we shall discuss have already gained 
most of the economies of large-scale investment and meet constant 
cost or very gently diminishing cost S as they expand further.4 . 

Hence business men will have no reason to plan the creation of 
more investment than they intend ordinarily to operate at capacity, 
except for temporary underutilization due to lumpiness, mistakes 
in estimating demand, qr business depression.5 The investment 
appropriate for maximum monopoly revenue (for one or more 
firms) will be smaller than ideal investment. ,(4)·ConditionS'gov
erning entry are such that neither underutilization with normal 
profits nor resort to competitive tactics is 'caus('!d by the influx 
of new firms. The policies of monopoly or of oligopolists will not 
be disturbed by newcomers. (5) Effective demand increases con
tinuously, so that repeated expansion of investment is required 
to maximize monopoly revenue. 

(6) The business executives in the industry differ somewhat in 

ingot may be disregarded, since they would !lot require significant modification of 
the principles developed here. " 

• The possible quaIification on account of advantages of a very large research 
organization, which was noted on p. 202, will be taken Ptto consideration below, 
P.348. . 

• Under such cost conditions existence of more than one firm in a given market is 
possible if newcomers introduce additional investment ahead of the original firm 
during an upward sweep of demand, or if restriction of investment by the first en
terprise provides an opportunity for a new firm to make normal earnings. 

, Resort to inferior ore or power with expansion may bring increasing cost to all. 
This would not affect the principles discussed here. 

• The conditio~: under which this is possible have heen explained above, pp. 205-

208. 
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individual qualities such as imagination, shrewdness, and courage. 
Each knows that regard for the indirect consequences of his ac
tions, through their effect upon the policies of others, is to his 
advantage. In order that comparison between the results of the 
different types of market control may be clear-cut, let us first 
assume that, whichever type exists, the industry will be in charge 
of a set of men who possess the same general level of intelligence 
and who display the same range of differences in personal qualities. 
In other words, the same differences would characterize the indi
vidual executives of a single monopolistic enterprise as would 
distinguish the managements of the several firms were a condition 
of oligopoly to exist. It seems likely that in actual practice with 
either monopoly or oligopoly the executives would be drawn from 
the same general grade of business ability, for there is little reason 
to think that differences between oligopoly and single-firm monop
oly from the standpoint of entrepreneurial activity are suffi
ciently marked to attract respective groups of executives which 
differ substantially in general ability. Our question is whether, 
given the conditions here assumed, the same sort of men would 
feel incentives to act in different ways, depending upon the type of 
market control.8 

Before laying down the last assumption, which concerns uncer
tainties of demand, it should be emphasized that there is very 
little in the above assumptions which would lead to different re
sults as between oligopoly and single-firm monopoly, given the 
same degree of regard for profit maximization. If demand were 
known perfectly, its rate of change as well as its position at any 
given time, and policies proper to maximum profit were pursued 
in each case, the fundamental market relations would be approxi
mately the same whether oligopoly or single-firm monopoly ex
isted.T The only differences implicit in our assumptions seem to be 
those occasioned by the possibility of slight differences in cost as 
between the several types of market control, and those incident 

• To the student of oligopoly it will later be apparent that this Question is, under 
the assumptions made here, nearly identical with the Question whether inducements 
to which oligopolists are subject with a moving demand curve and great uncer
tainties are different from those with a static and perfectly known demand curve. 
For, as is explained in the next paragraph, with the latter conditions the results 
of oligopoly and monopoly would be very similar. 

• See Chamberlin, 01. cit., chap. III. 
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to possible uncertainties on the part of individual oligopolists 
about each other's behavior, due to imperfect knowledge of each 
other's cost conditions and personal characteristics. Oligopoly 
with uncertainties of this sort might yield investment and output 
exceeding those of single-firm monopoly. 

The business men are well aware of our fifth assumption that 
effective demand will move ahead continuously as a result of the 
spreading of knowledge and the introduction of new variations 
or adaptations of the basic product. They know that a wide gap 
separates ideal and effective demand. They are, nevertheless, very 
uncertain as to how rapidly effective demand will move without 
their efforts, how fast and how far it can be pushed by different 
amounts of expenditure and different variations of product, how 
its slope will change, how great is the distance between effective 
and ideal demand, and how ideal demand itself will move as a 
result of changes in other parts of the economy.s 

Whatever the type of market control, there are different possi
bilities with respect to the way business men may act. Motives 
outside the range of strict profit calculus may be .influential and 
occasionally dominant. Lack of information on this aspect of the 
matter, in which personal temperaments are so important, makes 
it impossible to set assumptions for analysis .. Our discussion will 
be confined to activities designed to yield pr~fit. In the mists of 
great uncertainty it will be difficult in any case to adjust invest
ment with perfect accuracy to achieve maximum' profit. Under 
which type of, market control will investment be most likely to 
diverge farthest in the direction of ideal investment? The several 
men in control of a single monopolistic enterprise will place differ
ent evaluations upon the uncertainties, but they must reach a 
common decision. Unless they differ strikingly in intellectual quali
ties or personal force the policy adopted will probably involve 
a rate of expansion closer to the arithmetic average of the various 
estimates of the best rate of expansion than to the estimates of 
the more optimistic and less cautious or to those of the more 
pessimistic and less bold. Secondly, without incurring permanent 
loss of profits which it might have had, single-firm monopoly can 
wait to expand until it is quite evident that effective demand is 

,moving or has already moved in such a way that an increase in 

• Some demand characteristics have been described above, pp. 214 fl. 
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investment will enlarge profits. The annual increment of poten
tial profit lost for a short time by such a policy can be permanently 
added to revenue as soon as the situation is clear. The temporary 
loss may be deemed worth while in order to avoid the unwelcome 
condition in which monopoly revenue is less than it might have 
been because additional investment was added too soon,8 and 
investment may ordinarily be kept a little smaller than that which 
would actually maximize profits. 

Would the incentives of oligopolists differ sufficiently from those 
of single-firm monopoly to induce more or less investment? Differ
ing in imagination, shrewdness, optimism, and courage, oligopolists 
would, in the shadows of uncertainty, also arrive at different eval
uations of the uncertainties and different estimates of the rate of 
expansion for the industry as a whole which would maximize their 
joint monopoly revenue. Under such circumstances they might, 
without agreement, decide that the safest way to achieve the clos
est practicable approach to maximum profit for each was to follow 
a "live and let live" policy involving maintenance of a fairly stable 
proportionate division of total investment, sales, and profits. None 
would try to capture more than his share of the expanding com
mon market. One who was temporarily ahead, because his more 
rapid rate of expansion ac<;orded more closely with the growth of 
demand, would wait for the others to catch up instead of keeping 
his advantage. Unflinching pursuit of such policies would enable 
the most pessimistic to control the rate of expansion for the whole 
industry. As a practical matter, however, it is doubtful that stable 
shares in the market could be maintained without agreement un
less the rate of expansion of each was in the neighborhood of the 
arithmetic average of their several estimates of the best rate for 
the whole industry. Given the decision of each oligopolist to forego 
any possible differential advantage over others, it would not be 
strange if total investment ordinarily fell somewhat short of the 
amount which would actually maximize their immediate joint 
profits for the same reasons which might actuate single-firm mo
nopoly to expand cautiously. 

In a mature industry where gradual changes in demand for an 
essentially homogeneous product may be predicted with consider
able accuracy and where there seems to be little opportunity for 

• Less by part of the capital charges on the "excess" plant. 
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development of new variations of the basic product, each oligopo
list knows that there is little possibility of gaining any greater share 
in joint monopoly revenue.10 Under such circumstances any at
tempt to get ahead of others in expansion would represent disre
gard of the immediate direct consequences of one's actions and 
of the later indirect consequences in the form of outright competi
tion which would be likely to ensue; and a policy of sharing the 
market in approximately stable proportions might prevail. In a 
market characterized by great uncertainties surrounding a rapidly 
moving demand curve, where there is a large field for profitable 
development of new variations of the basic product, it seems un
likely that oligopolists would follow policies appropriate to more or 
less permanent division of the market in fixed proportions. For 
without transgressing the limits of strictly rational pursuit of maxi
mum profit it may still be possible to gain appreciable advantage 
at the expense of one's rivals. Let us suppose that each oligopolist, 
taking careful regard for the ultimate consequences of his actions, 
endeavors to adjust investment and price in the long run, and out
put and price in the short period, so as to maximii¢ his own profits. 
We shall neglect the influence of new adaptations of the product 
for a time, reserving that for later treatment. 

Each oligopolist is well aware that as demand moves ahead he 
can increase his relative share of the market and his profits by ex
panding at a rate above that at which capacity as a whole should 
be extended to maximize the, joint profits of all, proVided any other 
lags behind the best rate for. the whole industry. And, conversely, 
each knows that if he fails to keep up with the best rate, others, by 
exceeding it, can gain what he might have had.,. Given differences 
between oligopolists in their estimates of the best rate of expansion 
for all- that is, the best rate for each if everyone did the same 
thing ",,-;;the actual rate at which total investment was enlarged 
WQuld"represent a simple average of these several estimates only if 
each acted upon his own estimate without regard for the probable 
'policies of others. It is strongly to be doubted, however, that each 
oligopolist would set his jaw rigidly and follow his own idea of what 
everyone should do. Indeed, unless he were certain that the others 
all held the sa~e estimate as he, such a policy would be incompat-

10 Aside from cost reductions or selling tactics which result in the appearance of 
differentiation of prC?duct, factors which are not under consideration here. 
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ible with rational pursuit of self-interest involving full regard for 
the probable policies of others. In so far as each one knows that 
the several estimates of the best rate for all vary, and has some 
rough notion, gained from past experience, direct contact, or trade 
gossip, of the estimates of others and their probable reactions to 
alternative policies on his part, he will choose for his own policy 
the maximum rate of expansion which he thinks the policies of 
others will permit. None will increase capacity at a rate which 
he thinks will tend directly, or indirectly through inducing others 
to expand faster, to keep in existence a total investment greater 
than that which he believes appropriate to maximize their joint 
monopoly revenue, for that would reduce his own profit below 
its potential maximum. But each will expand at the maximum 
possible rate within what he conceives to be this limit, for that is 
the only way in which he can endeavor to maximize his own 
profits. The result of these involved calculations by the oligop
olists seems very likely to be a larger total investment on the aver
age than that equivalent to a simple average of the several 
amounts which they individually believe to be best. The reasons 
for this conclusion are as follows. 

Any producer who expands more slowly than the rate which 
would in fact maximize the joint monopoly revenue of all will pro
vide an opportunity for others to exceed that rate to their advan
tage. In so far as others close the gap left open to them, the more 
pessimistic or more cautious will have lost a certain annual in
crement of profit which they might have had. This loss is perma
nent, not temporary as in the case of the cautious monopolist, 
because others have installed the additional equipment and the 
laggards have no better opportunity to gain the advantage in the 
future than they would have if they had introduced this increment 
of investment. Knowledge that others have evaluated the prob
abilities more pleasantly or fear of being left behind may over
ride some part of their caution, with the result that they build at a 
higher rate than they would if all shared their view of the future. 

Consider now the case of the more optimistic oligopolist. Know
ing that others have placed a lower estimate upon future probabili
ties, it is conceivable that he may decide to expand at a rate below 
that which he originally considered best for the whole industry. 
But it seems much more likely that he will not. The fact that 
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others are going ahead more slowly than he thought justifiable for 
all provides an allowance for optimistic error on his part. In so far 
as he places more confidence in his own judgment than in theirs he 
will build at a higher rate than he considers best for the whole in
dustry, just because others proceed at a lower rate. The optimist 
can make the rate of expansion of total investment in the industry 
equal his estimate of what it should be by exceeding that rate in his 
own program in proportion as others remain below it, and he has 
strong incentives to do so. If total investment is not carried be
yond the amount proper to maximum joint profit by his activities 
he is a permanent gainer, as we have seen. Should he go too far, 
with the result that joint monopoly revenue falls below the possible 
maximum, he can force his fellows to bear a part of the loss if 
demand is elastic and marginal revenue positive for prices below 
that proper to maximum total profit with the appropriate total 
investment; and he may be able to escape part of the loss if de

-mand is inelastic. With elastic demand he will not need to lose the 
full amount of the annual capital costs of the "excess" plant, be
cause some additional output can be produced ,with this equip
ment at a marginal cost not exceeding marginal revenue.ll Reduc
tion of price to dispose of this additional volume will enable its 
producer to gain a larger amount of profit than he would get if the 
new facilities were not operated at all, even when others follow 
the cut in price, as they will, of course, do. Sale of this increment 
of product will make marginal revenue for all less than the amount 
which would equal the marginal costs of the others if they operated 
their now enlarged facilities at best utilization, as they had in
tended, and hence lead them to adopt a lowerrate of output in 
order to reduce marginal cost or raise marginal revenue .. If we 
suppose that they had already begun to operate at best utilization, 
readjustment in which our annoying optimist ~xpands production 
.while others contract theirs will proceed until all are producing at 
',rates for which marginal costs are identical and equal to marginal 
revenue -the basic condition of stable equilibrium. 

The result will be characterized as follows. Total investment 
exceeds the amount appropriate with best utilization to maximum 

:11 This depends, of course, upon the assumption that marginal cost for some rates 
of output with the new facilities is appreciably less than· marginal cost with best 
utilization. 
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monopoly revenue, and total profit is less than this sum. Total 
output, although larger than the amount which would maximize 
total profit if investment were smaller, is the right amount for 
maximum joint profit with existing investment. The investment .f 
each oligopolist is somewhat underuti1ized. The proportion of out
put going to the firm which made the mistake is larger than the 
share it would otherwise have had. The loss of potential profit is 
shared by all, yet no producer can better his fortunes, as far as the 
immediate adjustment is concerned, by expanding or contracting 
output. Once the excessive investment has appeared, this is the 
best adjustment for each firm which oligopolists acting inde
pendently can achieve.12 Although the fact that a part of the 
losses can be shifted to others provides no incentive to make mis
.takes, it may make men more willing to take chances in backing 
their own judgments than they would be if they had to shoulder 
the full penalty of mistakes, as is the case with single-firm mo
nopoly.la 

With inelastic demand at prices below the price yielding maxi
mum total profit with the appropriate investment, output will be 
no greater than it would have been with the right amount of total 
investment. The producer with the largest proportionate increase 
in capacity will not bear the full amount of the loss of potential 
profit, unless his equipment is completed last. If all introduce new 
capacity at the same time, no one will operate it at best utilization 
because in order to sell such a volume he would have to lower price 
to a point on the inelastic section of the demand curve where mar
ginal revenue is negative. Owing to discontinuity in the marginal 
revenue curve it will be impossible for all producers to equate 
marginal revenue and marginal cost, and if they introduce their 
new equipment one after another there seems to be no sure 
mechanism by which the marginal costs of all will be equalized 
and underutilization shared. The plant completed' earlier will 
probably be operated at capacity and the rest at a lower rate.14 In 

'"It would also be the best adjustment for a single monopolistic enterPrise, operat
ing under the same conditions, which had created the same amount of capacity. 
Po_r politics within a cartel might produce an arrangement in which the output 
of some companies was smaller and their profits larger, while others fared relatively 
worse . 

.. Single-firm monopoly may, of course, be able to shift some of the loss to pro
ducers of substitutes • 

.. ThOle who finish building later may, however, be able to coerce the others into 
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this case the optimist knows that he will not need to suffer the full 
loss of potential profit in the event that his estimate proves too 
sanguine, provided that he can get his new facilities into operation 
at least as soon as most of the others. 

Furthermore, even if the oligopolists in the van of expansion in
cur substantial losses of potential profits through over-optimistic 
errors, they have already gained an advantage in the next wave 
of expansion, for their plant is in existence, and its full operation 
as demand grows must be considered as data for the estimates of 
all concerning further enlargement of capacity.15 

On the grounds considered up to this point those with the more 
pessimistic view of the rate at which effective demand will grow 
have reason to expand at higher rates than their estimates of the 
best rate for the whole industry; while the optimists have little 
inducement to build at lower rates than their estimates of the best 
rate for all, and a strong incentive to exceed these rates in propor
tion as others stay below them. Capacity as a whole is likely to 
grow at a rate considerably above the simple average of the esti
mates of the several producers. Unless the average of their esti
m~tes is substantially below the actual optimum rate, they will 
collectively tend to exceed the latter. 

There is an additional reason which makes this even more likely. 
Up to this point we have assumed that policies which carried total 
investment beyond the amount appropriate to maximum total 
profit represented bona fide mistakes. All are, however, aware not 
only that it pays to be an optimist provided your fellows are pessi
mists, but also that mistakes creating excess capacity with respect 
to maximum profit establish the basis of a permanent future ad
vantage, unless they are made by all, which may more than repay 
the temporary loss. With the great uncertainties of demand and 
some uncertainty about the probable course of action of the in
dividual . finns, the line between bona fide mistakes within the 
'realm of strictly oligopolistic endeavor and competitive advances 
which are not too obviou~ will be very difficult indeed to dis-

curtailment of output through temporary price cuts, but there is a danger that this 
procedure will provoke outright price competition by all. 

,. Up to the point of best utilization, marginal cost with plant in existence, which 
does not include capital cost, will be lower than marginal cost for additional output 
in projected plant, which does include capital charges. 
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tinguish. What more likely than that some will attempt to steal 
a march by making "mistakes" of a moderate sort in the hope 
that these will not be interpreted as warlike advances and fol
lowed by retaliatory measures? Success may encourage boldness, 
and repetition is likely to engender suspicion, leading sooner or later 
to an outburst of true competitive building which carries invest
ment much closer to ideal investment with respect to effective de-
mand, perhaps even beyond it. Even in the absence of any at
tempts to steal ahead, competitive warfare may be precipitated 
merely by misinterpretation of expansion programs regarded by 
their executors as strictly oligopolistic activities. 

Upon the assumption that the industry is in charge of the same 
sort of persons whether oligopoly or single-firm monopoly exists, 
it is quite probable that a larger investment and output would be 
maintained on the average with oligopoly even in the absence of 
outright competitive tactics. Only if the bolder and more op
timistic dictated the policy of the single monopolistic enterprise is 
it presumable that monopoly would achieve the same result. If the 
executives were not the same sort of persons with one type of 
market control as with the other, a variety of results would be 
possible, of course. However, it is reasonable to think that mo
nopoly would not continually overshoot the investment proper to 
maximum profit, whoever directed its destinies; and it is to be 
expected that oligopolists collectively, whoever they were, would 
not ordinarily fall much short of this mark. Hence it hardly seems 
probable that monopoly would, in any case, do much better than 
oligopoly, while the chances are good that oligopoly might im
prove on the results of monopoly. The likelihood of occasional, 
perhaps frequent, breakdown into competitive building creates a 
probability that oligopoly would under most circumstances ordi
narily give a larger operating investment than single-firm mo
nopoly. In general, oligopolists have stronger incentives to take 
chances than a single monopolistic enterprise, and they are always 
tempted to engage in moderately competitive tactics which may 
from time to time precipitate strenuous competition.1S 

.. It is pertinent to recognize at this point that in the formation of public policy 
it is impossible to take into consideration any elements of tbe problem for which 
probabilities cannot be estimated at aU. Although personalities are of considerable 
Importance in aU cases involving small numbers, it is often Impossible to form any 
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At first sight it might appear to some that the waste of under
utilization incident to the larger investment likely to be main
tained under oligopoly would nullify the advantage. In any 
industry where underinvestment exists, however, every added in
crement of capital which is used even partially will, up to the point 
where true overinvestment begins, be worth more to consumers 
than that increment is worth when invested where it earns merely 
normal returns. The specific product of an added increment of in
vestment may exceed, fall short of, or just equal a normal re
turn, but up to the point of overinvestment the average rate of 
return on the total investment will remain above normal.17 Al
though the added increment may earn by itself less than a normal 
return, this is more than offset by the saving to consumers from a 
lower price on all other units of the commodity incident to the 
larger volume sold. Hence, as long as underinvestment exists, 
consumers will gain more from added investment, even though it is 
not best utilized, than if it were devoted to uses where it was worth 
only normal returns.1S Further, if the circumstances of market 
control are such that some restri~tion of output 4J.volving under
utilization will occur whenever investment exceeds the quantity 
appropriate to maximum profit, then an amount of overinvest
ment which results· in normal returns on the whole investment 
represen~ a be,tter allocation of capital than would obtain if less 
were invested in this industry and more elsewhere. Moreover, when 
oligopolists haye collectively overshot the mark of investment 
proper to maximum monopoly revenue, they may redouble their 
efforts to reduce cost and to make effective demand move closer to 
ideal demand. Price may be lowered cautiously to test out elas
ticity of demand. 

We must now introduce the probability that effective demand 
can be moved ahead by adaptations of the basic product for new 
uses and contrast the incentives to make new developments which 

idea of the differences in types of persons who would be in charge of an industry 
with the one or the other type of .market control. When this is so, if it is also 
considered probable that the element of personalities would in any case exercise 
the dominant influence, public policy would, of course, have no reason to favor one 
or the other type of market control. 

17 Assuming that investment is not best utilized. 
'" Their gain would, of course, be still greater if it were best utilized. 
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are felt by single-firm monopoly and oligopolists. Monopoly will, 
of course, be able to increase profits by discovery of new adapta
tions. Would oligopolists be likely to produce better variations or 
a larger number of successful ones? Let us disregard for a moment 
all questions concerning the most productive scale for a research 
organization or the supply of funds for research. If it were known 
that a particular new development could be made by every firm 
and if the results of making it were perfectly predictable, there 
would be no reason for any competitive activity, and the conse
quences would be the same as with monopoly, providing the costs 
of this adaptation were the same in the two cases. If everyone 
had complete knowledge of the nature 19 and results of all possible 
developments, the total results would be identical under monopoly 
and oligopoly. If it were certain that at every point of time every
one had the same knowledge of all potentially profitable variations 
and could introduce them with the same facility as any other, but 
uncertainties concerning the most profitable rate of production of 
each at every point of time were sufficiently great to permit 
different estimates of the best rates from the standpoint of the in
dustry as a whole; then the situation would constitute simply a 
more complicated case of expansion of investment used to make 
well-known products for which the future movement of demand is 
very uncertain. The principles developed above would require 
elaboration rather than addition. Although hampered from time 
to time by uncertainty concerning the probable policies of others 
and inability to interpret correctly what they really intended, each 
oligopolist would nevertheless be able to take account of the in
direct consequences of his actions to a substantial extent. 

To add one more unreal case in order to throw a clear light upon 
actual conditions and their consequences, let it be assumed for a 
moment that each oligopolist was sure that every successful de
velopment of a new adaptation would inevitably be followed 
shortly by introduction through another firm of a product more 
satisfactory in the same use. With the certainty of a never-ending 
series of losses as one company after another found its new dis
coveries almost immediately superseded, none would ever make 
any attempt at new developments. Over a period of years single-

-Including knowledge of how to make the adaptation. 
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firm monopoly would, however, produce a few of the products 
making up such a series, spacing their introduction so as to maxi
mize profit with regard for the costs of obsolescence. 

With respect to many possible developments in the aluminum 
industry it would appear that uncertainties are so great that it is 
nearly impossible to take account of the indirect effects of intro
ducing new variations. The ultimate consequences of a price cut 
may often be quite evident; but in the case of a fresh adaptation 
of a basic product it may be impossible to foretell with any assur
ance whether it can be duplicated or bettered in a month or in ten 
years. Each oligopolist would have to act upon consideration of 
direct effects alone. Under such circumstances more improve
ments in adaptations are likely to be brought in by oligopolists 
than by single-firm monopoly. Monopoly must bear the cost of 
obsolescence whenever it replaces one product with another before 
equipment is worn out. The individual oligopolist has a strong 
incentive to attempt to better the product of his rivals rather than 
pay them royalties, for if he is successful the burden of obsoles
cence falls on them.20 In the case of those variations for which 
hazy estimates of indirect results can be made, the amount of in
vestment would probably be less than if it were impossible ~o esti
mate ultimate consequences at all, but greater than that which 
monopoly would maintain. To some extent the reasoning of this 
paragraph may be applicabl~ also to improvements which lower 
cost. 

There is reason to think that oligopolists would collectively de
velop a wider range of adaptations, not only because they would 
continuously make more improvements of existing products, but 
also because they would discover more products that were new in 
the sense that they were suited to new uses. Suppose that in a 
given period oligopolists developed exactly the same set of new 
alloyS' and products as monopoly would have introduced. It is 
hardly to be expected that the gains would have been divided in 
unvarying proportion throughout the period. The relative lack of 

.. A firm may, of course, accumulate obsolescence reserves out of earnings in antic
ipation that some of its products will be bettered by others. But that is a different 
thing from restricting the numher of new developments and the amount of in
vestment devoted to producing them as a result of calculation of indirect conse
quences. This is possible only if it can be predicted which products will be super
seded at given times. 
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success of some, coupled with the knowledge that others had 
shown greater prizes to be possible, would tend to incite the former 
to redouble their efforts. Since there is no reason to suppose that 
the latter would relax their endeavors in greater degree than a 
monopolist, it appears that oligopolists would tend to widen the 
range of new products more than monopoly would do. 

Oligopolists are subject to incentives to maintain collectively an 
investment in research which would tend to produce very nearly 
the best rate of progressiveness attainable in the existing state of 
science, while single-firm monopoly has no profit incentive to make 
and use all socially worth-while discoveries at the best attainable 
rate. In so far as the extent of duplication in research activities 
and the distribution of the resulting losses are unpredictable, 
oligopolists have inducements to maintain a total investment in 
research which would involve some waste. If the individual firm 
could not tell when it was spending several times an amount which 
would pay for itself, the competition of several enterprises might 
occasion considerable waste. It is likely, however, that the line 
between profitable and unprofitable expenditure can be dis
tinguished with sufficient approximation to avoid the danger of 
great waste.21 Furthermore, in research the expenditure of addi
tional effort upon a given problem may often bring better results 
rather than duplication. It seems more probable than not that 
whatever wastes might occur with oligopoly would be more than 
offset by the greater amount of worth-while innovations and the 
other advantages of oligopoly. 

So far we have considered only the difference in incentives to 
progressiveness between oligopoly and single-firm monopoly. The 
actual rates of progressiveness yielded by the two alternatives 
might also be affected by a difference in command of funds for re
search or a difference in the productivity of research organizations 
of different sizes. If well-established integrated enterprises could 
obtain readily and cheaply in the capital market all the funds they 
desired to invest in research, or if the profits of oligopolists, 
whether or not as large as would accrue to single-firm monopoly, 
were sufficient (after payments to investors) for this, the results 
with monopoly, which has no profit incentive to invest as much in 

• We exclude from consideration here any "pure" research of which the ultimate 
_ulls caDJlot be estimated at all. 
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research, would tend to be inferior to those with oligopoly. Only 
if oligopolists were unable to maintain collectively as much in
vestment in research as monopoly could and would support, 
would the latter tend to bring a higher rate of progressiveness be
cause of better command of funds.22 It is possible that greater 
restriction and larger profits for monopoly in one period might 
later result in the movement of effective demand to positions 
farther ahead than it would have occupied had oligopoly pre
vailed. Or, on the other hand, if oligopolists once obtained adequate 
research funds, the flow of new developments might maintain or 
increase their aggregate monopoly revenue to amounts which were 
always sufficient for all the research they desired.23 The attitude 
of investment bankers in the matter of supplying funds for re
search could be discovered, but it· is doubtful that the probable 
relations between profits and the sums desired for research in the 
two cases could be predicted. 

Finally; the rate of progressiveness may be affected by the size 
of the individual research organization. If research productivity 
varies markedly with size of the research organization in the range 
of sizes between those which would be maintained respectively by 
single-firm monopoly and individual oligopolists, it is possible, but 
not necessary, that monopoly would give a higher rate of pro
gressiveness. Each oligopolist would not have as large -a research 
organization as monopoly, ·because of the losses due to waste in 
duplication of .results. On the other hand oligopolists may be less 
often inclined to reckon that duplication of effort on a given prob
lem brings duplication of results, and they have in any case in
centives to make and use more discoveries than monopoly. Hence 
they might maintain a larger aggregate investment in research 
which,. although organized in less efficient units, would produce 
more worth-while innovation. Moreover, as a monopolistic corpo
ratibn reached the stage where the internal difficulties opposing 
continued economical expansion became more formidable, its rate 
of introduction of new variations would necessarily slow down . 

.. Perhaps the investment trust device, properly used, would constitute an excellent 
means for providing funds for research cheaply to many firms in a number of 
industries. ' 

• In so far as monopoly revenue is increased as a result of new variations this is 
a symptom of better satisfaction of consumers' demands rather than greater re
striction. 
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Any advantage connected with the larger size of its research unit 
would tend to be diminished because oligopolists could expand 
their activities more rapidly. We should like to know whether the 
questions implied in this paragraph can be answered by those who 
are most familiar with these matters. 

The foregoing analysis suggests that under the assumed condi
tions investment and output would tend to be larger relative to 
current effective demand with oligopoly than with single-firm mo
nopoly; and that the rate of progressiveness would approach the 
optimum rate more closely with oligopoly, unless oligopolists were 
unable to obtain more funds for research than monopoly would 
use or their research activities were much less productive because 
their research units were not as large. If it were shown that mo
nopoly had no superiority or only small advantage in the latter 
two respects, there would be a definite probability of better results 
with oligopoly, which in addition to its other substantial benefits 
might be expected to result in greater price reductions during de
pression.24 

Up to this point we have spoken as if the results with an inte
grated single-firm monopoly would not be influenced by competi
tion, actual or potential, of one-stage rivals in the fabricating 
branches.2Ii It is possible that these forces might accomplish the 
same results as would occur with several integrated firms. But 
they could not do so if single-stage firms encountered any difficulty 
in ingot supply, or if the integrated company failed to maintain 
adequate price spreads between the basic ingot and all of its 
products," or if there was any substantial advantage in integrat.,. 
ing research on new adaptations with the production of ingot. 
Furthermore, it is probable that the one-stage fabricating firms 
would not accomplish as much in the way of new variations as 
large integrated companies. With a few exceptions they remain 
small, owing to cost conditions and ease of entry, and tend to 

• U the questions concerning relative supplies of funds for research or the dif
ference in productivity between research organizations of different sizes could not 
be resolved into probabilities, there would be no basis for giving weight to these 
aspects of the matter in the formulation of public policy. 

• Since entry to the ingot stage is not easy, potential competition from inventors 
of new variations would probably become active through the establishment of new 
fabricating firms or the sale of processes to existing fabricators. 

• These matters are discussed in Chaps. XVI-xx. 
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occupy themselves more with production according to known 
techniques than with innovation. 

It remains to consider the results of oligopoly with agreements 
(not subject to government control), which really constitutes a 
whole series of alternatives. For the sake of simplicity let us 
divide agreements into two classes, weak and strong, according to 
the criterion of rigorous control of output. It is clear that the 
simple price agreement, with or without provision for temporary 
stabilization of shares in total sales of ingot, is incapable of a 
dominant influence upon the adjustment of investment to demand. 
Members retain complete independence of action with respect to 
investment and output. A terminable agreement of this sort, 
limited in duration to a few years, cannot prevent purely competi
tive expansion if some members desire to follow policies which will 
induce that; nor, if they all act rationally, will it deter anyone 
from trying to gain the utmost advantage for himself when esti
mates of the best rate of expansion for all differ.27 Frequent re
vision of price and shares in the market will probably be necessary 
to reflect changes in the adjustment of investment to demand. 
However, association may lead to. better understanding of each 
other's estimates of the future, and more opportunity for some to 
persuade others. The result might be divergence from the equi
libria of simple oligopoly in the one or the other direction. Since 
there might be much less-misunderstanding of each other's real 
intentions and so less frequent resort to competitive warfare, it is, 
perhaps, more likely that total investment would tend ordinarily to 
be somewhat less than with simple oligopoly. 
. An agreement regulating output of ingot exerts a more deterrent 
influence upon competitive building because it removes the oppor
tunity for unregulated sales of metal fabricated in one's own plants. 
It has.already been pointed out, however, that control of output 

<cannot completely prevent rivalry in expansion unless it is definitely 
agreed that output quotas will not be altered because of dispro
portionate growth in investment.28 Members must be convinced 
that this provision will be rigorously enforced and that evasion 
would cost more than it was worth. When opinions about future 
demand differ appreciably it is unlikely that such an agreement 

... For examples see pp. 157 and 300 If . 

.. Above, p. 306. 
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will actually be made and adhered to for a considerable numb~r of 
years. An effective covenant of this sort would scarcely be possible 
in any event unless the agreed rate of expansion were at least equal 
to the average of the several estimates of the best rate for the in
dustry. The fact that agreements are often limited to a few years 
or are terminable upon notice by one or a few members would pro
vide a loophole of which the more optimistic and more courageous 
might take advantage. Moreover, when there exist great possibili
ties and great uncertainties with respect to development of new 
variations of" the basic product, it is hardly conceivable that 
oligopolists would subject themselves to control of competition in 
introducing new developments. Evidently the strongest practicable 
cartel agreement might result in keeping total investment substan
tially below the amount which would exist with oligopoly, but the 
chances are good that it would be greater than the amount main
tained by single-firm monopoly. Since agreements do not seem 
necessary to prevent undesirable overinvestment in an industry 
with the characteristics here considered, it may be concluded that 
the long-run results of oligopoly with agreements are not likely to 
be superior to those of simple oligopoly, and will probably be in
ferior. 

The fact that oligopolists make agreements to govern short-run 
market relations must indicate that they think the results would be 
different and less satisfactory to them in the absence of agreement. 
Price control usually means prices above marginal cost. No firm 
would ordinarily sell below marginal cost, except during economic 
warfare caused by personal animosity or intent to eliminate or dis
cipline others. It is possible, however, that in some circumstances 
price might be lower and output larger with agreement than with 
simple oligopoly, even though price would not be reduced to mar
ginal cost in either case, except as a result of the exercise of gov
ernment authority. When oligopolists have different ideas about 
the advisability of lowering price at a given juncture or about the 
extent of profitable reduction, there is danger that individual price 
cuts not intended as competitive moves may be misinterpreted as 
such by some, with the result of a general breakdown into price 
competition. This is the more likely the greater the uncertainties 
about each other's ideas. If agreement is prohibited or imprac
ticable, all may deem it more advantageous to make no reduction, 
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at least until it is clear whether or not the new conditions are likely 
to be more or less permanent. With the aid of agreement the lower 
price might be obtained much more quickly. 

It may be concluded that unless it is shown that progressive
ness would be much greater with single-firm monopoly because of 
striking superiority in command of funds for research or in pro
ductivity of research, the best results from the social standpoint 
would probably exist with several producers of ingot integrated 
back. at least through the stage of alumina production and forward 
into the manufacture of some fabricated products. Existence of 
one-stage fabricators would not necessarily involve social loss in 
all branches, however. Wherever there is no great advantage £rom 
extending vertical control to the productive operations in making 
alloys or in fabrication, as distinct from extending it to research 
upon development of new alloys and products, the best arrange
ment would include single-stage fabricators as well as fabricating 
departmep.ts of integrated companies. Lea~ing out of account con
siderations of government control, perhaps the most desirable sort 
of market control in this industry, from the standpoint of total 
consequences, would consist of several integrated producers of 
ingot29 making also various alloys and fabricated articles, and a 
number of single-stage fabricating firms in some branches. Such 
an arrangement might afford the best combination of effectiveness 
in production, marketing, and research on the one hand, and of 
competitive forces tending to move effective demand ahead, to en
large investment and output, and to lower price on the other hand. 

2. PossmLE ALTERNATIVES FOR GoVERNMENT POLICY 

The results of the analysis in this book do not provide an ade
quate basis for determination of the best government policy toward 
the aluininum industry. Although the tentative conclusion is that 
the fundamental market relations - investment, output, price, and 
demand - have often diverged appreciably from ideal relations, 
it has been impossible to determine with precision either the rela
tions between industrial structure and efficiency and progressive
ness or the extent of restriction of investment and output which 

• Except in those small geographical markets where efficiency would he impaired 
thereby. 
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has occurred in various geographical markets and in markets for 
different aluminum products. And we have been unable to decide 
whether the possibilities of profitable restriction are changing sub
stantially with the newer demands which are developing. Any 
government which wished to be sure of the best policy toward this 
industry would need more adequate and accurate information than 
has been available for this book. .. 

This section will be concluded with a brief consideration of 
various alternatives which might be employed for the purpose of 
bettering market relations in the ingot market if it were believed 
that they could be improved by the action of consumers or govern
ment. The analysis here would also apply to any fabricating 
branches in which monopoly or oligopoly may yield undesirable 
consequences. In other fabricating branches the preponderance of 
competitive forces could, under certain circumstances, be relied 
upon to produce satisfactory ·results.30 The discussion will be 
limited to the economic problems involved. Neglect of govern
mental aspects of the general problem must not be taken to imply 
a presumption that they are easy of solution. The success of 
government activity obviously depends quite as much upon the 
honesty and ability of public authorities, their efficiency in the 
organization and conduct of government activities, and the quali
ties of economic statesmanship displayed by political leaders, as 
upon the solution of the economic problems involved. 

Among the most important possibilities are consumers' coopera
tion, creation of simple oligopoly in markets where it does not now 
exist, regulation of investment or price, government competition 
with private enterprise, and a public monopoly of ingot produc
tion. Some of the schemes discussed, particularly under the topic 
of regulation, will doubtless seem fanciful. They are analyzed 
because of, rather than in spite of this, for it is important to recog
nize the lengths to which certain sorts of control would have to be 
successfully extended if the most desirable results were to be ap
proximated. 

Consumers' coOperation may take the form of a purchasing 
association or a producing organization. Since a large part of the 
aluminum output reaches ultimate consumers in products, such as 
automobiles, airplanes, and washing machines, in which aluminum 

• Cf. Chap. xx. 
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is but one of several components, the field for buying cooperatives 
seems to be limited mainly to manufacturers. Group purchasing by 
automobile manufacturers, airplane makers, or power companies, 
or by associations whose membership consisted of firms in a num
ber of different industries, might result in lower prices for alu
minum and some of its products. There can be no guarantee, 
however, that the "negotiated" prices resulting from such a com
mercial tug of war would contain no element of monopoly profit. 
Since many purchasers use relatively small amounts of aluminum, 
it is unlikely that organized buying would be extended to cover 
most of the aluminum market. 

Cooperatives for the production of aluminum would also be 
limited in the main to manufacturers rather than ultimate con
sumers. If such organizations were to be instrumental in improv
ing market relations they would have to resemble ordinary com
mercial firms in many respects. Capital might be raised by sale of 
securities to members and perhaps to nonmembers, or by loans 
from government. The not inconsiderable risk of obsolescence, 
combined with the fact that many users of aluminum shift back and 
forth from time to time between aluminum and its various substi
tutes, might make many consumers hesitant to assume a position 
not unlike that of ordinary investors in a commercial aluminum en
terprise. Hence government might have to furnish a considerable 
part of the capital for such organizations. Government might also 
need to make available power and bauxite. The complex process 
would, of course, necessitate very capable management. Further
more, unless competent research organizations were maintained by 
the cooperatives, improvements and new variations were intro
duced boldly, and the difficult problem of adjusting a somewhat in
elastic capacity to probable future demand waS approached with
out too much caution, the existence of producing cooperatives 
would fall short of promoting the most desirable relations between 
investment and demand. It is questionable whether most con
sumers would care to assume the risks associated with dynamic 
progress. Finally, until there existed a probability that nearly all 
consumers would fill their demands through cooperatives if they 
could not obtain metal as cheaply from regular commercial pro~ 
ducers, the policies of the latter might not be greatly affected. At 
the present time it does not seem likely that cooperatives for alu-
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minum production would be established without considerable 
government aid. If government capital is to be used at all its 
effectiveness in promoting the most desirable market relations 
would probably be greater when it was employed directly in the 
establishment of a government corporation which would compete 
with private producers. 

We next consider the establishment of conditions of simple 
oligopoly of private firms. Unless additional information and study 
require modification of the tentative conclusions reached in the 
earlier part of this chapter, there would seem to be a probability 
that simple oligopoly - i.e., oligopoly without agreement - would 
bring better results than single-firm monopoly in this industry. In 
the chief markets of Europe removal or appropriate reduction of 
tariffs and removal of other restrictions on imports would help to 
create more effective oligopoly only if there were a strong presump
tion that governments would not soon revert to protection. Alu
minum producers would obviously be hesitant to create invest
ment to serve markets which might shortly be closed again. With 
the swiftly changing policies of democratic governments in these 
disturbed times the probability of long-continued access to foreign 
markets is not great. In any event the military importance of alu
minum makes protectionist policies seem imperative to democratic 
as well as Fascist governments. Moreover, in order to obtain 
simple oligopoly, admission of foreign producers to domestic mar
kets would need to be complemented by prevention of international 
agreements. This might perhaps be accomplished if each gov
ernment prohibited sale within its own country by any party to an 
agreement affecting the market in that country.31 S.uch a provision 
might, however, have the effect of convincing the oligopolists that 
all would be better off if each stayed out of the other countries and 
cultivated his home garden alone and unhampered. As far as 
Europe is concerned, under present conditions there is little chance 
that measures of this sort would be deemed practicable. In most 
countries creation of true oligopoly would doubtless require dis
solution of the existing national monopoly or encouragement of 
new enterprise. In view of the infrequency of periods of low duties 

-It would obviously be very dillicult for a government to prove that a given firm 
belonged to such an international agreement if its terms were secret and its records 
were kept in another country. 



356 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

in the tariff history of the United States and the possibility that 
European producers might in any case consider it inadvisable to 
build up an export surplus for sale in the home market of the 
powerful domestic enterprise, a similar conclusion may apply to 
the United States. 

Successful encouragement of new producers might require that 
governments take the responsibility of providing them with eco
nomically suitable bauxite either by discovery of new deposits, 
creation of adequate transport where that is now lacking, or ac
quisition of some part of the reserves now held by established pro
ducers. Deposits could be sold to new fiIJllS, or governments could 
undertake to supply their annual requirements on long-time con
tracts. In the case of power something of the same sort might be 
necessary. It is also possible that government would need to give 
assurance that financial assistance in the form of loans or sub
sidy would· be forthcoming in the early years of new enterprises 
if losses were incurred owing to overcapacity or economic warfare. 
Since the capacity of an efficient aluminum firm is fairly large 
relative to the size of the present market in each country, waste 
of great excess capacity could be avoided only if new companies 
were added gradually with the growth of demand. Creation of 
conditions of oligopoly with equally-matched firms might take 
many years. Prevention of overcapacity during this process might 
require prohibition of expansion on the part of the existing pro
ducer, and of each new firm after it had reached a certain size, 
until each of the desired number of firms had become well estab
lished and had attained an efficient scale of investment. Creation 
of oligopoly in any of the important national markets in the near 
future could probably be· accomplished only by dissolution of the 
existing firm into smaller units. The difficulties which may im
pede effective dissolution are. considerable, as the history of trust 
dissolution in this country shows, but there is no reason to think 
that they are insuperable .. Most of the leading aluminum com
panies have several power plants and reduction works which could 
be divided among successor corporations. In order to fashion 
well-integrated units some new plant would be required at various 
other stages, depending on the particular circumstances in a given 
country. Whatever temporary overcapacity was thus created 
would probably be less than the amount that would be occasioned 
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by the entry of new firms, unless they came in very gradually. 
It seems quite probable that there are many banking and indus
trial interests who would readily purchase a set of mines and 
plants already in operation, even though they would not undertake 
promotion of a new enterprise from the very beginning. 

It is not, of course, to be expected that oligopoly would always 
maintain the ideal investment or the ideal price structure. With 
oligopoly or monopoly uneconomic price discrimination might be 
diminished somewhat by pUblicity of all sale prices. It could be 
lessened still more by exclusion of ingot producers from fabrica
tion of all sorts, but this might diminish progressiveness. Pro
hibition of all uneconomic discrimination would be tantamount 
to regulation of all the relations in the structure of prices of alu
minum in all forms, although it would not require the setting of 
a base price. It could not be accomplished without formulation 
of standards for computing costs of all aluminum products. 

With oligopoly or single-firm monopoly it is possible that gov
ernment could obtain a closer approach to ideal market rela
tions through regulation of investment or price. A government 
board might be empowered to issue orders requiring expansion of 
capacity of private firms whenever it judged that additional ca
pacity was necessary to approximate the desirable total invest
ment. The results of such a scheme would probably be much 
less satisfactory than the results with either unregulated oligopoly 
or public monopoly of ingot production, for it would separate 
initiative and responsibility with respect to decisions which, owing 
to the lumpiness, durability, and specialized character of equip
ment in this industry, would have long-enduring consequences. 
With price regulation mistakes would be somewhat less harmful 
because they could be rectified as soon as they were perceived, and 
executives could follow their own ideas of sound investment policy 
in the meantime. 

Maintenance of somewhere near the ideal investment on the 
average might be secured by fixing the prices of all products sold 
by the integrated ingot producers. As long as ingot producers en
gage in fabrication regulation of the price of ingot sold directly 
might not suffice. Semifabricated and finished articles might be 
sold at prices representing a higher derived price for the contained 
ingot when that was possible, or at prices returning a lower de-
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rived price when nonprofit motives ruled. Formidable difficulties 
would be encountered whether price regulation took the form of 
setting prices to yield a normal return upon investment or of set
ting them equal to marginal costs. The latter method seems to be 
superior. Formulation of standards for computing marginal cost 
would not appear to present more difficult problems than the eval
uation of standards for measuring investment and allocating over
head. The marginal-cost method is applicable to short-run as well 
as long-run problems, while the traditional return on investment 
device involves long-run concepts only. Firms would produce the 
ideal output at any given time if price were set at a figure to 
which the marginal costs of all companies were equal and at which 
the aggregate. output could be sold. 

To induce the compariies to expand investment up to an ap
proximation of the ideal quantity, government commissioners 
would need to forecast the particular prices of ingot and other 
products which would, under probable demand conditions a year 
or two hence, be equal to marginal costs with the best possible util
ization' of ideal investment; and put the companies on notice that 
these prices would be set at that time if the expected demand con
ditions materialized. This would be equivalent to telling producers 
that after such time as additional equipment could be best utilized, 
because of growth in demand, they would not be permitted to 
charge a price higher than the estimated marginal cost with such 
facilities best utilized, even though they had not in fact added 
such new equipment or did not yet have it ready to operate. In so 
far as the government authorities achieved a reputation for being 
correct most of the timei'such measures should achieve their pur
pose, for the companies would lose potential profits or incur losses 
if they did not expand at the appropriate rate. If the authorities 
continually made bad mistakes, the companies would, of course, 
follow.their own notions of investment policy. To the extent that 
the government board perceived its mistakes and refrained from 
carrying out its prospective orders, the companies would actually 
determine the rate of expansion. If the mistakes were not recog
nized, or if price was in any case consistently set too low, desirable 
expansion would be discouraged, output would tend to remain 
below ideal output with existing capacity, or the companies would 
respond to the pleas of frantic customers to bootleg metal at higher 
prices. 
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What might at first thought seem a tempting alternative to 

direct price regulation is a tax per unit on any positive difference 
between price and marginal cosL With proper standards for com
puting marginal cost which were efficacious and practicable in 
application, such a measure would tend to induce the desirable 
output with existing investment at any given time. At any other 
rate of output and sales than the one wlllch equated price and 
marginal cost, a firm would have to pay to the government all of' 
its revenue in excess of aggregate variable expense. At the ideal 
rate of output it would pay no tax.32 Needless to say, such a 
device would have disastrous consequences unless marginal cost 
were properly computed. For the rest, the most perplexing prob
lem with this scheme, as with direct price regulation, concerns the 
provision of an effective stimulus to expansion at a rate appro
priate for maintenance of the desirable investment. With a tax 
of this sort companies would probably wait to expand until their 
facilities were already being strained and price had moved up with 
increasing marginal cost to a point where it was above average 
cosL To some extent this sort of price movement is desirable to 
compensate for low earnings immediately after a new chunk 
of equipment is introduced. To prevent it from going too far, 
however, it would be necessary after a point to tax the difference 
between price and average Cost. This would require determina
tion of the amount of earnings to be considered a normal return 
upon investment and of standards for allocating overhead between 
the various products. 

As compared with public control of investment, direct price 
regulation or indirect control through the tax device just described 
would be attended by less separation of private initiative and re
sponsibility and would leave more scope for private initiative. 
They might, however, have the unwelcome results of diminishing 
progressiveness, and they would probably increase the pressure to 
reduce wages whenever that was possible. Some scheme of boun
ties for progressiveness would probably be needed, and wage regu-

-III 10 far as changes in demand from week to week or month to month were 
diJlicuIt to predict it would be advisable to permit firms to seD stocks at times for 
prias below the marginal cost at which they were produced and at times of shortage 
to charge more than marginal cost. This could, perhaps, be arranged satisfactorily 
by rebates on l32es equal in amount to any negative dilferenc:e between price and 
the marginal cost at which the units sold were actually produced.. 
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lation might prove to be indispensable. It is plain that anything 
like satisfactory results from price regulation, direct or indirect, 
could be obtained only by a sizable commission, the members and 
staff of which came to know as much about the aluminum market 
and the nature of costs in the industry as the executives and staffs 
of the compani,es themselves, if not more. Government regulation 
of aluminum prices might bring better relations between invest
ment, output, and demand than would exist without regulation. 
However, recognition of the intricacies of computation of costs by 
outsiders for a complex industrial process, of the difficulties of 
inducing the desirable rate of expansion, and of the perplexing 
problems to be met in devising a scheme to minimize any deaden
ing effect of, regulation upon progressiveness, does not engender 
optimism about the results of regulation. The problems of price 
regulation could probably be rendered somewhat less difficult by 
the exclusion of ingot producers from all fabricating branches in 
which competitive forces could be maintained strong enough to 
keep prices close to marginal' costs. But this might slow up the 
rate of progressiveness, since the competition 'of a number of one
stage firms with small resources may serve merely to keep prices 
down to costs and not to produce a high rate of progressiveness. 

Government competition with private enterprise possesses sig
nificant potential advantages over regulation by commission. It 
should be more effective than commission regulation because it 
could change the data of the market in such a way that from the 
standpoint of their own interests private firms had no choice but 
to follow policies that would tend toward ideal market relations. 
With regulation evasion of 'orders is sometimes possible, and pro
tracted litigation is inevitable. Less litigation might accompany 
government competition even though the public corporation was, 
as it should be, subject to legal restrictions. Adverse effects upon 
efficiency and progressiveness of private enterprise might be less 
with government competition because busin'ess men would feel freer 
than ;when they were constantly receiving direct orders from gov
ernment authorities; and public competition might contribute to 
the stimulus to improvements. Again, it is to be expected that the 
officers in charge of a government corporation would acquire a 
much broader and more, penetrating knowledge of conditions in 
the industry than members of a regulatory board. Moreover, with 
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government competition the work of government officers would 
result in the production of aluminum as well as control of market 
relations in the industry. Another possible advantage of govern
ment competition is that it might enable somewhat better control 
of any undesirable results of policies motivated by nonprofit con
siderations. If private firms were expanding faster than was justi
fied by the rate of growth in demand the public corporation could 
expand more slowly. Undesirable economic warfare due to per:' 
sona! animosities might be mitigated through agreements promoted 
by the government corporation. Probably, however, bad conse
quences of nonprofit motives could not be entirely eliminated by 
any method short of a change in the philosophy of business men. 

It also appears that a government corporation could exercise 
much more effective control over market relations than govern
ment directors on the boards of private firms. Even if the latter 
method actually brought considerable compromise it might still 
fall far short of achieving the most desirable results. It would 
seem much better to have separate public and private corpora
tions, with initiative, control, and responsibility all concentrated in 
the same hands in each case. Furthermore, public directors on the 
boards of private companies would have very much less power to 
alter total investment and output and prices than the management 
of a government corporation. 

Since the aim of government competition should be to achieve 
the most desirable market relations consistent with the existence 
of private companies in the industry, the external conditions of 
production and sale for the public corporation should accord as 
closely as possible with the conditions under which private com
panies operate.1I The government enterprise should have no ad
vantage or disadvantage because it is a public corporation. In 
other words, except for variations incident to differences in effi
ciency of personnel, the costs of public and .private companies 
should be about the same. Specifically this means several things. 
The government corporation would need bauxite that was quite as 
economical in quality and location as the best reserves not yet 
used. If ore of this description could not be secured except from 
aluminum producers a government would either have to take by 

·Cf. E. s. Maso.., "Power Aspects of the Tenn_ Valley Authority's Program," 
QlI4Tkrly JIIWfIIIl DI &I1fIDfIIics, L, 409 If. (May 1936). 



362 MARKf.T CONTROL IN THE ALUMINUM INDUSTRY 

condemnation some of any such reserves as were under its juris
diction or acquire inferior ore. In the latter event if costs were 
not equalized. through a low purchase price formal equalization 
should be made in the accounting.S4 In the case of power, fluor
spar, and any other oV'{lled materials the same is true. Power or 
bauxite which ~ould have greater value in any other use should 
not, of course, be used in aluminum production. 

In the second place, in estimating its long-run marginal cost 
for purposes of planning the initial investment and all subsequent 
expansion, the government corporation should include an amount 
equal to the ordinary tax burden of private firms. The public cor
poration should also plan to eam the normal cost of capital to 
private aluminum companies even though funds were obtained 
more cheaply by the government. Again, in planning investment 
policy the government should include in long-run marginal cost 
true economic rent arising from the alternative worth of its natural 
resources in other uses or from any locational advantages. Finally, 
wages should approximate those paid by private companies.S5 

The government corporation should maintain the amounts of in
vestment necessary from time to time to give the closest approach 
to ideal investment in the whole industry permitted by imperfect 
knowledge and human fallibility; and should offer to sell in all 
markets at prices equal to its marginal costs.ss Unless.ingot pro
ducers were excluded from all fabricating branches in which their 
presence would lead to oligopolistic price making, the government 
corporation would need to enter these branches also. Since large 
integrated companies can probably be expected to contribute more 
variations and new adaptations than ~small single-stage firms, the 
latter policy would seem best. With regard to price changes the 

.. The technical adjustment in computing the marginal cost of producing aluminum 
would be to enter bauxite at the worth which the best ore not yet used would have 
when used in the ideal equilibrium . 

.. The government might, of course, regulate wages and hOUIS of labor for the 
whole industry. 

• Transport expenses should be included in marginal cost except for price 
making in areas where marginal cost including transport would be lower for another 
firm. In such instances the government corporation should oller to sell at a price 
equal to the marginal cost, including transport of the other firm. The freigbt 
absorption involved would not be undesirable discrimination because prices would 
be determined by the lowest marginal costs of serving consumers in such area. 
The competitive oller to sell would tend to keep prices down to this level. 
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government corporation might exercise the function of "price 
leadership." In their endeavor to prevent any large gap between 
actual investment and the most desirable investment with respect 
to current effective demand, the officers of the public company 
should have regard for the balanced expansion of all firms to pro
duce conditions such that no part of the output could be replaced 
more cheaply at another site. In so far as private firms were 
able to differentiate their products effectively from those of the 
government producer they might, of course, be able to obtain 
higher prices. Since most aluminum products can be tested with 
some precision for quality in use, it is doubtful that private pro
ducers would ordinarily be able to charge higher prices unless 
differentiation took the form of better quality or service. 

Maximum effectiveness in 'Securing the best possible market 
relations would require that the knowledge of demand and supply 
conditions obtainable by all producers be as comprehensive and 
as accurate as possible. Cooperative study of demand would be 
desirable. The kinds of statistics of capacity, output, stocks, 
prices, costs, investment, earnings, wages, and employment which 
would help to produce better market relations should be filed at 
appropriate intervals by all companies with some government 
agency or with a trade association composed of all ingot producers. 
Such statistics should be open to all producers and buyers and 
probably to the general public.aT Even with the benefit of com
prehensive information, the efforts of the public corporation to 
assure the maintenance of ideal investment in the industry as a 
whole might often result in some overinvestment or some under
investment. Such divergences could, perhaps; be minimized by 
voluntary agreements between all producers, including the govern
ment company, made after thorough discussion and exchange of 
views as to future probabilities. Expansion policies based on false 
assumptions as to the actions of others could thereby be avoided. 
These agreements would specify the quantities of additional ca
pacity to be introduced by each firm within a two- or three-year 

• Publicity of this basic economic information might, of course, facilitate unfair 
and unintelligent attacks upon the industry, but it would also facilitate the im
portant work Alf promoters, investment bankers, financial counsel, and financial 
institutions. Perhaps compilation of the statistics open to the public in a more 
general form than that used in presenting the data to memhers of the industry would 
diminish the opportunities for abuse in their employment. 
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period at the end of which a new agreement, perhaps embodying 
a different proportionate participation in the next wave of expan
sion, would be made. To be thoroughly effective such agreements 
would need to be legally enforceable. Provided that the public 
corporation always endeavored to maintain an approximation to 
ideal investment in the industry, either through insistence upon 
appropriate aggregate expansion under an agreement or, in the 
absence of agreement, by its own investment policy, the private 
firms would have little reason to attempt restriction, and might 
welcome agreement as protection against overinvestment. When
ever it was clear that the government corporation was responsible, 
either without agreement or in spite of agreement, for the creation 
of overinvestment, it should set its price equal not to marginal 
cost with existing investment but to marginal cost with proper 
investment j or, in other words, equal to the marginal costs of 
other firms when their capacity was well utilized. For as long as 
considerable reliance is placed in private enterprise for efficiency 
and progressiveness the financial health of private firms and the 
initiative of their managements must not be impaired by prices 
that are too low because of mistakes of government authorities 
either in estimating demand or in computing costs. 

With regard to short-run market relations, particularly the very 
important matter of prices and output during depression, a gov
ernment corporation in the market could probably induce better 
results than would occur with simple oligopoly or with oligopoly 
plus agreement.ss The public company could bring about uniform 
price reductions instead of discriminatory reductions, and it could 

,keep prices in the neighborhood. of marginal cost. If' this were 
done there would be little incentive for any company to make the 
sort of piecemeal concessions that encourage consumers to think 
they can obtain lower prices by delaying purchases. 

Public monopoly might be able to achieve a closer approach to 
the best relations between investment, output, and current demand 
at any given time than would result from any of the other kinds of 
market control. Presumably it would also have appreciably lower 
capital costs. In the long run, however, the disadvantages might 
well outweigh the gains in countries where most fields offering 

• During depression the latter might improve on the results of simple oligopoly. 
See above, p. 351. 
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great opportunities for dynamic change are open to private enter
prise, where the executives of private companies enjoy more free
dom to carry out new policies than would be accorded to the 
officers of a public corporation, and where the traditions of free 
private enterprise are strong. In this kind of institutional setting 
government might find it difficult to obtain the services of men 
best fitted to promote progressiveness. The aluminum industry is 
one in which wide opportunity for new developments still remairis. 
In countries like the United States of the present time private 
oligopoly seems to offer the best conditions for efficiency and rapid 
progress in this industry, while the competition of a public cor
poration would appear to be the most effective instrument for se
curing desirable relations between investment, output, price, and 
current demand. 

No definite policy toward the aluminum industry is advocated 
here for any government. It has not been possible to determine 
whether undesirable consequences of existing types of control at
tain a magnitude which is worth bothering about. No study of 
the governmental aspects of the general problem of effective gov
ernment control has been attempted. From the standpoint of the 
economic aspects alone the analysis contained in Part III affords 
an indication, however, of the sort of government activity best 
suited for improving market relations in the industry, if it is 
found that the existing relations leave a considerable margin for 
improvemenL On economic grounds we are led to the conclusion 
that government competition with private producers - the num
ber depending upon the relation of the effective scale of investment 
to the extent of the market - has the greatest potentialities for 
obtaining the best combination of efficiency, progressiveness, and 
desirable relations between investment, output, price, and demand. 
Wherever this policy was adopted rapid attainment of desirable 
market relations with minimum waste of resources would call for 
establishment of the public corporation first and encouragement 
of additional private firms as demand grew. Wherever the num
ber of efficient firms could be increased by dissolution of the exist
ing company such a measure might help to produce a condition of 
oligopoly sooner. Prohibition of all mergers not justifiable on 
grounds of greater efficiency and of competitive tactics which do 
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not reflect relative efficiency would facilitate the continued exist
ence of several efficient private producers. 

Finally, it is plain, of . course, that in an industry of this sort 
ideal results are not likely to be obtained by government action 
even with efficient, wise, and fair application of the proper prin
ciples. Although ,the government may be able to improve market 
relations, the actual results may fall far short of the ideal unless 
business men themselves understand concretely the nature of the 
best market relations and endeavor to carry out policies which 
will promote their attainment. 
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CHAPTER XVI 

THE NATURE OF COMPETITION IN SHEET PRODUCTION 

1. INTRODUCTORY 

ALL the leading producers of ingot carry part of their output 
through some of the stages of fabrication and sell part to one-stage 
fabricators. In so far as the latter use virgin metal they are de
pendent for materials upon the integrated firms who also sell sheet, 
ware, castings, and other products in the same markets as the one
stage independents. These relations create various interesting 
problems which center about the control by the integrated firms 
of (1) the supply and price of material available for their own 
manufacturing divisions and the one-stage independents, and (2) 
the differentials between the price of ingot and the prices of vari
ous half-products and finished goods. In Germany where the ca
pacity of semifabricating and finishing firms is adjusted to an ex
port market which is served also by some of the leading European 
ingot producers, discussion has been concerned chiefly with the 
matter of rebates on the purchase price of ingot used to make 
goods for export. The antitrust laws of the United States have 
concentrated attention here upon questions of "unfair competi
tion" between the integrated monopoly and its one-stage rivals. 
Some of the economic issues presented by the relations between 
the Aluminum Company of America and the independents in the 
rolling, utensil, and castings stages will be examined in Part IV. 

Since 1910 there has been scarcely a year, except for the war 
period, during which at least one branch of the government has 
not been engaged in investigating the activities of the American 
aluminum monopoly, in particular its relations with the independ
ent fabricators. Proceedings have been brought in only three in
stances. In 1912 the Aluminum Company consented to a decree 
enjoining it from the practice of various competitive practices in 
the utensil and castings branches. In 1919 the Federal Trade 
Commission attempted unsuccessfully to prevent acquisition by 
the Aluminum Company of a rolling mill which had formerly 
belonged to an independent utensil manufacturer. The third of 
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the proceedings was initiated in 1925with the issue of a com
plaint by the Federal Trade Commission charging unfair methods 
of competition in the utensil and castings fields. This complaint 
was dismissed in 1930 for lack of evidence to support the allega
tions. Government investigations seem to have been concerned 
chiefly with those activities of the Aluminum Company related to 
the utensil and castings branches of the industry, which have often 
contained some grumbling independents. Two firms operating 
rolling mills have recently engaged in private litigation with the 
Aluminum Company under the antitrust laws.1 

The Aluminum Goods Manufacturing Company, a large uten
sil firm, has rolled much of the sheet used in its fabricating oper
ations ever since its origin, and one other cooking-utensil concern 
has possessed a rolling mill since 1920; but neither of these com
panies has ordinarily sold sheet in the open market. It appears 
that the Oeveland Metal Products Company, which built a rolling 
mill in 1914, was the first independent to sell sheet in this country. 
The stimulus of high war prices brought into existence two small 
mills operated by the Bremer-W alz Corporation of St. Louis and 
the United Smelting and Aluminum Company of New Haven. 
In 1919 the St. Louis mill was sold to the Aluminum Goods Manu
facturing Company. For several years the United Smelting and 
Aluminum Company remained the only independent producer of 
pure aluminum sheet, for in 1918 the Cleveland mill was taken 
over by the Aluminum Company under circumstances presently 
to be explained. 

The total output of these three firms does not appear to have 
been large enough to affect price directly to any great extent, ex
cept perhaps in a'- few limited areas~, Sales of the Cleveland. mill 
amounted to about 1,600,000 pounds in 1916, and I,SOO,ooo 
pounds in 1917, while production of sheet by the Aluminum Com
pany totaled 19,000,000-pounds in 1914, 36,000,000 pounds in 
1917, and 48,000,000 pounds in 1919.2 A large proportion of this 
was sold. The Bremer-Walz output was inconsiderable, and this 
company was not equipped tQroll sheet over thirty inches in 

1 Below, pp. 384, 386. 
• See pp. 12, 53, and 58 of Petitioner's Brief in Alu,,"num Company 0/ AmtrictJ 

v. Federal Trade Commission, U.S.C.C.A., Third Circuit, no. 2121, October term 
1921 (hereafter referred to as Petitioner's Brief). 
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width, which was required for a large part of the auto-body work. 
The United Smelting and Aluminum Company sold a small quan
tity of sheet in New England at prices higher than those charged 
by the Aluminum Company, depending on better and quicker 
service to retain its market! 

Since the war three other independent mills have entered the 
industry, two of which have produced chiefly alloy sheet. 

2. THE ROLLING-MILL CASE 4 

Organized in 1910, the Cleveland Metal Products Companyen
gaged in the manufacture of enameled steel utensils and oil cook
ing stoves and heaters in which some aluminum was used. In 
1913 it was decided to enter the aluminum-utensil field. It ap
pears that assurance of a supply of European ingot was obtained. 
In 1915 a rolling mill was completed with an annual capacity of 
about 3,000,000 pounds of sheet, which was somewhat in excess of 
the immediate requirements of the utensil division. Owing to 
war conditions little European ingot was obtainable in the next 
few years. The company purchased most of its material from 
the Aluminum Company. The booming war demand for sheet per
mitted large profits through sale in the open market at prices 
considerably above those charged under the time contracts of the 
Aluminum Company. About three-quarters of the output of the 
Cleveland mill was sold in 1916. When the open-market price of 
sheet receded in the middle of 1917 in anticipation of govern
ment price fixing, the high profits also began to disappear. By 
the beginning of 1918 the Cleveland Company appears to have 
been losing $14,000 a month on its sheet business. As a conse
quence it was decided to restrict output to the needs of its utensil 
plant. 

When informed of this intention by the president of the Cleve
land firm, who visited Pittsburgh to request cancellation of part of 
its contract,1I the Aluminum Company negotiated for the acquisi-

• FTC Docket 1335, Record, p. 3566. 
• The information upon this incident is found in m Federal Trade Commission 

Decisiona 302 (1921), and 284 Fed. Rep. 401 (1922). I have also used the briefs of 
FTC Docket 248. 

• According to the opinion of the court this request was at first refused. The 
Aluminum Company maintained that cancellation was made as requested. (See, 



372 MARl(ET CONTROL IN THE ALUMINUM INDUSTRY 

tion of the mill, with the result that the following plan was carried 
out. A new corporation was formed called the Aluminum Rolling 
Mill Company. Of its $600,000 stock issue the Aluminum Com
pany took two-thirds and the Cleveland Company one-third. The 
rolling mill and sheet business of the latter were sold to the new 
company. It appears that the mill was operated for a few weeks 
by two employees of the controlling parent before the new cor
poration was legally born. The reasons which actuated the Alu
minum Company in obtaining this mill were doubtless several. 
Its rolling equipment was inadequate to meet the increasing war 
demands of the allied governments. Of importance for the future . 
was the advantage of possessing a mill in the Cleveland district, 
which then consumed large amounts of aluminum sheet hauled by 
truck from Niagara Falls or New Kensington. An opportunity 
was afforded to assume control of a mill which might later become 
a substantial producer. 

The new corporation was less than a year old when the Federal 
Trade Commission challenged its legitimacy by the issuance of a 
complaint against the parent company alleging violation of Section 
7 of the Clayton Act, which prohibits the holding of stock of one 
corporation by another where the effect may. be substantially to 
lessen competition between the two or tend tQ'create a monopoly.s 
On March 9, I92I, the Commission ordered the Aluminum Com
pany to divest itself of its holdings in the Rolling Mill Company.T 
Sale to any person, natural or corporate, connected with the Alu
minum Company, or any.o£ its subsidiaries or affiliated concerns, 
was prohibited. Under the. Clayton Act the order was clearly 
called for by the circumstances .. While war-time operation of this 

for instance, Petitioner's Brief, pp •. 6z, 65.) The Commission's attorneys contended 
that the cancellation did not occur until after the preliminary negotiations for 
securing the mill had taken place. (See p. 5 of their brief opposing petition for re
hearing and modification.) 
. .. ;rhe Commission had already informally secured the retirement of one officer 
of the Aluminum Company from the board of directors of the Rolling Mill Com
pany to avoid prosecution under Section 8 of the same act. . 

'The findings of fact upon which the order was based appear somewhat par~, 
tisan. No mention is made of the war demand for sheet, and the profits of the 
Cleveland Company are shown without any suggestion of its losses. There is no 
intimation that this company intended to curtail its production. One would .infer· 
from the findings that the motive of the Aluminum Company was simply to stille 
competition. 
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mill was imperative - and this the Commission should have rec
ognized - the real question was the effect for the future.8 Had 
the aim of the Commission been attained, there would have been 
an opportunity for the continuance of independent operation of 
the mill under normal peace-time conditions. 

After the Court of Appeals had sustained its order, the more 
powerful arbiters, supply and demand, shaped somewhat by the 
new tariff, refused to support it. The Cleveland Company became 
insolvent and declared that it would never operate the mill! The 
Rolling Mill Company, which had never earned profits, owed the 
Aluminum Company about $600,000 on ingot purchases. When 
informed of the probable outcome the Commission was apparently 
at a loss for the best policy to pursue. After public offering in 
1923 of the Aluminum Company's stock in the Rolling Mill Com
pany had failed to attract any purchasers, these shares were sold 
to the Cleveland Company for a nominal sum, and the erstwhile 
owner announced its intention to sue on the notes due from the 
Rolling Mill Company, and, if necessary for collection, to bid in 
the property at sheriff's sale. This is what happened, following 
an ineffectual effort by the Commission to secure modification of 
the court order so as to prevent the purchase of the physical 
property at an execution sale. The Commission grounded its ap
plication upon an allegation that the indebtedness of the Rolling 
Mill Company was entirely fictitious and created for the purpose 
of allowing the parent concern to acquire the plant at execution 
sale. This contention was based upon a comparison of the ingot 
prices charged the Rolling Mill Company with those charged the 
United States Aluminum Company, a 100 per cent subsidiary. 
In accordance with a long-standing practice of transferring ma
terials to each of its subsidiaries at an arbitrary and unvarying 
figure the Aluminum Company had apparently transferred ingot 
upon the books to the United States Aluminum Company at 18Yz 

• Cf. ltatemmt of the court con~miDg the defense that the transaction was 
justified by its motive to increase production for war needs. "With these matters 
we surmise, we bave no present con~m. They have to do with the motive for the 
transaction. We have to do only with the effect . . . its effect upon actual com
petition u wdl u in destroying potential competition in a way later to make actual 
competition impossible was aubstantiaDy to Jessen competition . . . and the 
Ilock acquisition did, in effect, tend to aeate a monopoly." 

• It aold its aluminum-utensil business in 1923. 
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cents a pound.10 The RoIling Mill Company had evidently paid 
the regular market price, which was higher. Its finished sheet was 
sold at market prices by the Aluminum Company on a commission 
basis. ,In denying the petition the court concluded: 

Grounding our decision solely on the inability of the Federal Trade 
Commission to establish fraud in the indebtedness on which the Alu
minum Company proposes to seek recovery at law in another court, we 
are constrained to deny its petition to amend the decree previously 
entered.u 

If the RoIling Mill Company had been a IOO per cent subsidiary 
of the Aluminum Company, there might have been no indebted
ness, and the question of how to divest stock which no one will 
buy would have been squarely presented to the Commission. As 
it was, the indebtedness complicated the matter. The language of 
the concluding sentence of the court's opinion suggests that it 
might have considered favorably a scheme which would keep the 
mill on the market for a time, until it was certain that independent 
enterprise would not purchase it, and which also made some pro
vision for the payment of the debt. Apparently the Commission 
presented no plan. ' 

The enforcement of the Clayton Act in this instance resulted 
in giving potential competitors an opportunity to purchase a small 
mill at a time when business conditions were moderately favorable. 
No purchasers appeared, and the Aluminum Company was en
abled through a peculiar set of circumstances to retain the mill. 
Unimportant in itself, this case perhaps provides an example of 
the operation of elements unfavorable to the development of many 
competitors which will be explained in the next two sections. 

3. INDEPENDENT ROLLING MILLS AND INGOT SUPPLY 

'RoIling aluminum sheet is, as officers of the Aluminum Com
pany have often pointed out, a simple operation that any brass 

,lD This is, of course,- a general practice among holding companies. After the 
Federal Trade Commission had used these "sales" at arbitrary prices in an attempt 
to show fraudulent indebtedneSs, the practice was altered so that legal title at '-all 
times remained in the parent company. Before this, title had passed with ppysica1 
transference of th~ material from one company to another. Cf. below, p. 463. 

U There is no evidence to suggest that the Rolling Mill Company had purchased 
more material th,an it needed for its operations. 
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or copper mill could easily undertake. Explanation of the hesi
tancy of independent enterprise to enter this field must be found 
in a distaste for dependence upon monopoly for ingot supply and 
in the power of integrated monopoly over the ingot-sheet price 
differential, with both of which elements the tariff has been inti
mately connected. Three firms took up the aluminum-sheet busi
ness after the war. The Sheet Aluminum Corporation of Jackson, 
Michigan, was organized in August 1925 to roll coiled and flat 
sheet.12 With a capacity of about 5,000,000 pounds per year it 
has produced sheet, rod, wire, stampings, and fabricated products. 
For five years or so it purchased virgin ingot chiefly from the Alu
minum Company. Suffering from financial difficulties which in
cluded a growing debt to the Aluminum Company, this firm turned 
to secondary metal about 1931. It has smelting furnaces in which 
scrap is converted into ingot for rolling, die-casting, and other 
operations. Several years ago the Fairmont Manufacturing Com
pany purchased a copper rolling mill in Fairmont, West Virginia, 
which had been built during the post-war inflation. The capacity 
of this mill, which has produced coiled and flat sheet and sheet 
circles, seems to have been at least double that of the Sheet Alu
minum Corporation.11 Recently, it has entered upon the produc
tion of high-strength alloys. A third firm, the Baush Machine 
Tool Company of Springfield, Massachusetts, took an enterprising 
part in the pioneering of duralumin alloys in this country. Produc
tion of duralumin sheet and forgings was begun in 1919 and rod, 
wire, and tubing were added in subsequent years. In 1922 this 
firm took up the production of pure aluminum sheet and manga
nese-alloy sheet. Baush aluminum-alloy products have been sold 
largely to the automobile and aircraft industries. 

It has already been said that the United Smelting and Alu
minum Company of New Haven sells a small amount of aluminum 
sheet in New England. The sheet capacity of this concern is, 
perhaps, smaller than that of the Jackson mill. As the name indi
cates, it smelts scrap. These four companies have sold pure alu-

UOriginally called the Northem Manufacturing Company. Early in 1926 the 
present name was substituted without any change in organization. 

uThe Fairmont Company was described in the February 1930 issue of Cour
tuy and Sen/k" published by the Monongahela West Penn Public Service Com
pany. 
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minum sheet and alloy sheet and various fabricated products 
in markets also served by the Aluminum Company.14 It is not 
likely that their combined sales of pure aluminum sheet have ever 
totaled one-quarter of those of their large rival. 

The independent rolling mill may obtain its ingot supply from 
the domestic p~oducer of virgin, from foreign producers, in the 
secondary market, or by remelting scrap itself. It may be doubted 
that a substantial venture would care to rely wholly upon second
ary metal. Although certain grades of secondary aluminum can 
be rolled satisfactorily, it is questionable whether there is sufficient 
assurance of regularity in supply of a suitable grade or of ability 
to obtain additional amounts when demaild for sheet is mounting. 

An independent who· elected to rely principally upon the domes
tic producer for virgin aluminum would face some rather discon
certing possibilities. Refusal to sell or delivery delays might result 
in serious financial embarrassment to him. Whether the cause of 
these difficulties were in the inelasticity of the reduction process, 
inefficiency, or monopolizing intent, they would be most likely to 
occur at times of brisk business when they would be most disas
trous. Not being endowed with a "public interest" the Aluminum 
Company may, in the absence of any purpose to create or main
tain a monopoly, legally refuse to sell to anyone. If the purpose 
of the refusal were not to promote monopolisticcontro~ this might 
not be readily apparent; or, on the other hand,increased require
ments of the company's own fabricating divisions and larger de
mands for ingot from markets held less securely might be taken 
as a full explanation even though they were not. With either in
efficiency or uncontrollable inadequacy of supply under conditions 
of booming demand, the effects upon independents might vary 
only in degree, or not at all, from those resulting from an intent to 
monopolize. What has been said of refusal to sell applies equally 
to the disturbing possibility of delivery delays, whether due to 
monop'olistic intent or to the other conditions cited.15 Until the 
late twenties past experience had led customers to expect delays of 

:u Some of them make and sell casting alloys and finished castings. Here we are 
interested only in sheet and the products made from sheet. 

,. Compare the conclusions of the Department of Justice after investigation of 
the company's treatment of utensil firms with respect to delivery delays. See be
low, p. 426. 
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some months at the height of the business cycle and occasionally 
at other times. 

The consent decree of 19I2 attempted to prevent refusal to 
sell and delivery delays when used to monopolize or favor the 
Aluminum Company's subsidiaries at the expense of competitors. 
The ineffective language of its injunctions and provisos goes far, 
however, toward nullifying everything except its spirit; while its 
applicability to an actual situation was probably removed several 
years ago when the Aluminum Company adopted a policy of re
taining title to the metal at all stages as it goes through operations 
which are performed by its various subsidiaries on a toll basis.Is 

It may also be noticed that the test which the decree set up
equality of treatment between the independents and their com
petitors - would not necessarily enable the independents to sur
vive and prosper. A prolonged shortage of metal, due to factors 
over which the Aluminum Company had no control, or simply to 
lack of vision in foreseeing the movement of demand, might spell 
serious consequences for an independent while the former was 
incurring losses small in proportion to its aggregate financial re
sources. Furthermore, the Aluminum Company's best policy for 
its own sheet production at any given time is influenced by the 
demand and supply conditions in all other markets with which it 
deals. There are conceivably many conditions under which the 
company would find it most profitable to restrict the amount of 
ingot devoted to·sheet production in its own millsP A proportion
ate restriction of sales to independent rolling concerns, quite with
out intent to embarrass them, might result in substantial financial 
loss to them. And, of course, the conditions responsible for this 

.. Discussion of this decree is defemd until a later chapter because the charges 
of violation have centered about the activities of the company in the utensil and 
castings branches. 

If Consider the ellect of an appreciable increase in the demand for castings due 
to ateeI and copper price advances which are likely to be temporary. In order to 
aecure this new market in the first instance and bold it later the Aluminum Com
pany would need to divert substantial quantities of ingot from the rolling mill to 
the foundry, unless there was adequate capacity to meet the new demand without 
resort to this expedient. If filling the larger castings demand created a shortage 
with reference to the old demands of a1\ kinds, the most secure of these would have 
to suller durillg the time necessary to brillg into existence new ingot capacity. 
Since the utensil market is relatively more secure. than many others, sheet pro
duction might be relatively lessened. 



378 MARKIf.T CONTROL IN THE ALUMINUM INDUSTRY 

situation would, at the same time, enhance the inducement to cur
tail sales to independents in greater proportion than the reduction 
of the company's own sheet production. What tests would a court 
use for determining legitimate reductions to outsiders in circum
stances such as these? 18 

The dread of dependence upon the domestic monopoly for 
ingot is cogently' testified to by the policies of the few independent 
mills. The Sheet Aluminum Corporation appears to be the only 
one of these which has purchased virgin metal almost altogether 
from the Aluminum Company. The Baush firm bought exclusively 
from foreign producers between I923 and I932.19 The Fairmont 
mill has apparently obtained its requirements from Europe.2o Some 
years ago virgin ingot used by the United Smelting and Aluminum 
Company came from abroad.21 From time to time it has been 
possible to obtain foreign metal a little cheaper than domestic, 
although the Europeans do not seem to have undersold the Alu
minum Company as a general rule.22 

While these few rolling-mill companies have evidently been 
able to fill their requirements abroad, it is rather doubtful whether 
a larger number of firms would be able to do so satisfactorily. 
To assure certainty of continuous supply independent mills would 
need fairly definite guarantees from foreign producers to fill their 
requirements regularly. A policy of "shopping around" in this 
imperfectly competitive market leaves one" at times o'f booming 
demand in the unenviable position of being no one's regular cus
tomer. Would the European firms be willing to assure definite 
shipments on a substantial scare? Past experience shows that they 
have not, in fact, adjusted their capacity for large exports to 
America, although they probably could have disposed of much 
greater amounts of metal here to the independent foundries and 
other users. A large part of the imports from European producers 
seems to be accounted for by depression, temporary shortages in 

18 It is plain that the considerations just discussed apply also to the case of 
companies which fabricate finished articles from sheet rolled in their own mills. 
There are additional complications, however. For instance, the Aluminum Company 
might prefer, for various reasons, to sell them sheet at certain times. 

lJ) BMTC appellant v. ACOA, Exhibit 38. No information on its purchases since 
1931 is at hand. 

"'Courtesy and Service, February 1930, p. 4. Cf. BMTC appellant v. ACOA, fol. 
2436. The president of this company was for several years an importer of foreign 
aluminum. lIlBR, p. 147. "'See above, p. 159. 
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this country, or temporary surpluses abroad. As long as the United 
States maintains a substantial tariff and the Aluminum Company 
keeps its ingot price fairly close to the foreign price plus the duty, 
the Europeans are not likely to make investments for the pur
pose of export to America. The possibility of reductions in the 
prices of ingot and sheet here, whether due to monopolizing intent 
or diverse forces peculiar to the domestic' market, would threaten 
the profits of the foreigners or the independent mills in this coun
try. The latter would find it necessary to tum to the Aluminum 
Company unless the former were willing to shoulder the major 
part of the burden. 

Dependence upon foreign producers by a large independent roll
ing-mill group here would, of course, be impossible if there were 
explicit or tacit understandings between the European and Amer
ican ingot producers that home markets would not be aggressively 
invaded, or if either group refrained from vigorous incursion on 
account of the fear of retaliation by the other. The situation de
scribed in Chapter VII affords some reason to believe that the 
latter condition has obtained part of the time. 

Finally, there is some question of the extent of the market open 
to independent rolling mills. Probably many fabricators would 
prefer to purchase from the Aluminum Company rather than from 
rolling mills dependent upon foreign sources of supply, and would 
prefer to deal directly with the Aluminum Company rather than 
with independents who obtained their material from the domestic 
monopoly. If one is to depend on monopoly for material it is 
doubtless more satisfactory to become a regular customer of the 
monopoly itself than to trust a middleman to cultivate its good 
will. 

4. THE INGOT-SHEET PRICE DIFFERENTIAL 

The power of integrated monopoly over the ingot-sheet price 
differential constitutes another strong deterrent to the existence 
of independent enterprise in rolling sheet. Under pure competition 
this differential would tend to equal the full cost of rolling sheet 
with the most effective known organization of the factors of pro
duction.IIB Returns to capital and enterprise would tend to be the 

-If there were any marked advantages of integration of the ingot and sheet 
stages, independent firms engaged only in rolling could not exist under pure com-
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same per unit at both the reduction and rolling stages of an inte
grated concern. However, when a company which has substantial 
monopoly power in the stages below the production of sheet also 
rolls sufflcientsheet to affect its price, there is no reason to expect 
that the price differential will necessarily measure exactly the cost 
of rolling sheet or that the returns per unit of capital and enter
prise will be equal in each operation. Some discussion of the 
various possibilities is appropriate. 

The most profitable policy would be to adjust the price of ingot 
to the demands of those markets for half-products or finished 
goods which the integrated firm could not or did not wish to mo
nopolize. If the Aluminum Company should sell ingot to outside 
mills instead of rolling sheet itself, it would need to consider the 
demand for sheet products in setting its ingot price .. If, on the 
other hand, it produced all the sheet, it could set the price of 
ingot in complete disregard of the demand for sheet and sheet 
products, to which it might adjust its sheet quotations directly. 
Now if it should happen that the most profitable price at which 
to sell ingot destined for markets other than those of sheet prod
ucts was much higher than the most profitable price at which ingot 
might be sold to rolling mills, the most lucrative policy would 
require a monopoly of sheet production. The sheet price could 
then be set so that it contained, in addition to the cost of rolling, a 
lower and more profitable price for ingot than would be charged 
for direct sales of the latter. Monopolization of rolling operations 
would be required for the most profitable discriminatory price 
structure,24 and would be facilitated by the price policy appro
priate thereto - that is, an ingot-sheet price differential which 
did not cover the full costs of rolling. A low "development" price 
on sheet would constitute a special instance of the general case 
just discussed. Should the demand for sheet products, on the other 
hand, be such that a higher price for ingot were appropriate for 
this market than could be charged in other markets without re
ducing profits there, the appropriate price policy would be ex
pressed in an ingot-sheet differential which exceeded the full cost 

petition. Little of the available evidence suggests any material advantages of in
tegration of these two stages in the aluminum industry . 

.. Cf. the discussion of monopolistic discrimination, above, pp. 217 ff. 
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of rolling. If the extra profits were large enough to offset the 
deterrent elements explained earlier, new enterprise would enter 
the field. Faced with the possibility of enough newcomers to 
threaten competitive price making for rolled products, the best 
policy might be to raise the ingot price to the point required to 
keep the number of independents sufficiently small to permit 
oligopolistic price making; the solution would depend upon the 
relative intensities of demand for ingot in other markets and for 
sheet. 

Another motive for maintenance of an ingot-sheet differential 
which did not cover the full outside costs of conversion might be to 
discourage indirectly attempts on the part of new enterprise to 
engage in the production of aluminum ingot. In general, the 
fewer the consumers of ingot the smaller would be the number of 
those who considered undertaking to produce the metal itself. 
Similarly, the fewer the semi fabricators the fewer the opportu
nities for foreign aluminum to find a market here. The strength 
of the obstacles both to entry at the ingot stage and to steady 
importation of large amounts of European metal suggests that the 
ingot-sheet price differential could probably be regulated chiefly 
in accordance with the most profitable discriminatory price policy. 
Yet in so far as the ultimate effects of permitting several inde
pendent mills to thrive seemed quite unpredictable, some profits 
might be sacrificed to guard against the possibility of larger re
ductions in revenue in the future. Furthermore, it is clear that 
with our antitrust laws the existence of a substantial group of 
independent rolling mills dependent for material on the integrated 
firm would handicap pursuit of the most profitable price policy at 
times when that called for an ingot-sheet differential lower than 
the outside conversion cost. Financial losses on the part of the 
independents would doubtless be accompanied by much litigation. 
Finally, the policy of the company with respect to the ingot-sheet 
price spread might be affected by factors unconnected with, or 
indeed opposed to, the maximization of profits. 

Table 28 shows the list prices of the Aluminum Company for 
99 per cent ingot, which is ordinarily used for sheet, and certain 
classes of sheet, and the resulting spreads. It appears that the 
differentials declined markedly in the second part of the post-war 
decade. 
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TABLE 28 

LIST PRICES OF ALUMINUM COMPANY OF AMERICA FOR 99 PER CENT INGOT 
AND CERTAIN CLASSES OF SHEET AND RESULTANT SPREADS, 1918-1931 * 

(Cents per Pound) 

(1) (2) (3) (4) (5) (6) (7) 
2St and 

3St 17S t 
2S t and Coiled Coiled 
3S t F1at Sheet Sheet 

99 Per Sheet No. No. 20 No. 20 
Date of Cent 20 B&S Spread B&S Spread B&S Spread 
Change Ingot Gauge (2)-(1) Gauge (4)-(1) Gauge (6)-(1) 

1918 
Mar. 6 32.2 37-2 5·0 
June I 33·2 38.8 5.6 

1919 
Mar. I 33 5.8 

1920 
Feb. 16 ...... 40.8 7.8 
Apr. 19 ....... 35 5·8 
Aug. 10 ...... 42.2 7-2 
Oct. I ........ 33 9.2 
Dec. 20 ...... 28·5 37·7 9.2 

1921 

July IS······· 25 * 34·2 9.2 
Oct. 20 ....... 30.2 .....:.* 
Nov. IS ...... 20 10.2 

1922 
Feb. 27 ...... 55·7 § 35·7 
June 27 ...... 41 21 
Sept. 26 ...... 22 31.2 9.2 19 
Oct. 25 ...... 43 21 
Nov. I ....... 23 8.2 20 
Nov. 22 ...... 25 32.2 7.2 45 20 

1923 
Feb. 7 ........ 26 33·2 7.2 19 
Nov. 13 ...... 46 20 
Nov. 23 ...... 27 34·2 P 19 

1924 
Jan. 10 ....... 28 6.2 18 
June IS ...... 33·8 5.8 
July I ....... 74.8 46.8 
Dec. 10 ...... 74·5 46·5 
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TABLE 28-Contimled 

(I) (2) (3) (4) (5) (6) (7) 

2St and 
3S t r7St 

liSt and Coiled Coiled 
3St F1at Sheet Sheet 

!19 Per Sheet No. No. lIO No. 20 
Date of Cent 20 B I: S Spread BI:S Spread BI:S Spread 
Change Ingot Gauge (2)-(1) Gauge (4)-(r) Gauge (6)-(r) 

1925 
Jdar. 20 ...... 53.2 25.2 
June 20 ...... 43 15 33·9 5·9 
Oct. 22 .•...•• 29 14 4·9 24.2 
Dec. 17 ...... 28 15 5·9 25·2 

1926 
July I ........ 27 16 6·9 26.2 
Aug. 16 ...... 39.6 12-4 32•8 5·8 52•2 25·2 

1927 
Jan. 15 ....... 26 40·7 14·7 31.8 5·8 51.2 25·2 
Aug. I ....... 37 II 31.0 5 48.5 22·5 
SepL I ....... 36 10 
Oct. 20 ....... 25 33 8 6 47 22 
Dec.. 10 ...... 32 7 29·5 4·5 
Dec. 21 ...... 24·3 7·7 5·2 22·7 

1928 
Jan. 3········ 31.5 7·2 29 4·7 46.5 22.2 
Mar·7······· 31·3 7·0 28·5 4·2 46 21·7 
May 25 ..•..• 45 20·7 

1929 No changes 
1930 

June 26 ...... 23-3 30·3 7 27·5 4·2 44 20·7 
1931 

May 26 ...... 40 16·7 

• Sources of price data: 
25 and 35 flat sheet, 1925-1931, from BYTe appellant v. ACOA, Exhibit 

133· 
Ingot and 25 and 35 coiled sheet and spread, 1918-1931, from BMTC v. 

ACOA appellant, Exhibit 550. 
175 coiled sheet, 192~1924, from BYTe appellant v. ACOA, Exhibit 

239; 1925-1931, ibid., Exhibit 133. 
AD sheet prices, 1918-1931, are for Is-ton lots. A few minor changes in 
prices have been omitted from the table. No explanation is given of the 
striking increase in the price of 175 sheet in 1924 shown by the figures. 

t 25 is commercially pure a1uminmn, 35 is a manganese alloy, 175 is an 
alloy of the duralumin class. * From August IS to November 15, 1921, scheduled prices of ingot were 
suspended, owing to unsettled conditions of the market. 

§ 18 and 19 gauge. 
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Reductions in the prices of most other gauges of the varieties 
of sheet included in the table narrowed the differentials for those 
also. The same was evidently true of most gauges of the strong 
alloy sheet 25S and SIS, both coiled and fiat, as well as of tubing.25 

Two of the three independent firms which entered the rolling 
branch after the 'war do not seem to have prospered. No informa
tion about the experience of the third, the Fairmont Manufactur
ing Company, is at hand. It appears that the United Smelting and 
Aluminum Company, an older concern, has not expanded its roll
ing operations to sizable proportions. 

Sales of duralumin sheet by the Baush Machine Tool Company 
increased rapidly from 1919 to 1925. Thereafter they declined 
markedly, while sales of similar alloy sheet (17S) of the Alu
minum Company continued to increase. Table 29 shows the sales 
by both companies in the period 1925-1931 of similar alloy sheet 
in sizes for which the Baush Mill was equipped, and the declining 
proportion obtained by the Baush firm. The amount of duralumin 
forgings sold by the latter also fell off substantially after 1925. 
Its sales of duralumin rod, wire, and tubing grew steadily until 
the depression began, with the result that the average of the total 
pounds of duralumin products sold by this firm in,.,1928 and 1929 
was about equal to its sales in 1924, although ;its total for 1925 
was not subsequently reached.28 Sales of pUre alumirium sheet 
and alloy sheet not of the duralumin class by this firm never con
stituted a sizable portion of the market for these types of pro~
uct.27 It appears that the metals division of the Baush company 
incurred losses in every year during the period January I, 1919-
June 30, 1931.28 In 1931 the Baush firm brought suit against the 
Aluminum Company for damages alleged to have resulted from 
the price policies of the latter. Testimony concerning the relative 
efficiency of the Baush firm was conflicting.29 

• BMTC v. ACOA appellant, Exhibit 123 • 
.. BMTC v. ACOA appellant, Exhibit 308. Of the total weight of duralumin 

and I7S products sold by the two firms the Baush proportion dropped from about 
30 per cent in 1925 to a little over 'I per cent in 1929 and about 3 per cent in 1931 
(ibid., Exhibit 244). However, a substantial part of the increase in total sales evi
dently occurred in products or sizes which the Baush firm was not equipped to 
produce. Figures for competitive sizes and products were not separated except for 
sheet. 

III Ibid., Exhibit 308. .. Ibid., Exhibit 195 • 
.. It would appear that the output of pure aluminum sheet of the Baush firm was 



TABLE 29 

SALES 01' Som..A1l DURALtmIN AI.LoY SHEET IN COMPETlTlVE SIZES 8Y THE BAUSH MACHINE TOOL COMPANY AND THE 
ALUMINUM COMPANY 01' AMERICA, 192$-1931. 

(In Pounds) 

1925 1926 1927 

Baush duralumin ............................ 272,584 256,II8 178,595 
17S of Aluminum Company t ................. 136,3 26 233,048 329,864 

Total .................................. 408,910 489,166 508,459 
Baush percentage ........................... 66.66 52.36 35.12 

• The data of this table appeared in Exhibit 522 in BMTC v. ACOA appellant. 
t 18 inches width and under, not Alclad. 

1928 1929 1930 1931 

167.741 187,332 50,524 52,256 

458,518 837.959 427,684 660,517 

626,259 1,025,291 . 478,208 712,773 
26·78 18.27 10·56 7·33 
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The Sheet Aluminum Corporation began to produce pure 
aluminum sheet in 1926 in a plant at Jackson, Michigan, advan
tageously located with respect to utensil concerns and the automo
bile trade. As the ingot-sheet spread declined, this firm turned its 
attention increasingly to the making of products from a new series 
of strong alloys called Hyblum which it introduced in 1928. It 
is said that the change was made in the belief that the more 
individual product would permit a greater price spread. The Sheet 
Aluminum Corporation appears to have experienced financial diffi
culties from the first year of the depression on. Late in 1934 this 
firm instituted proceedings against the Aluminum Company sim
ilar to the Baush suit. It seems questionable whether the output 
of pure aluminum sheet of the Sheet Aluminum Corporation ever 
reached a very efficient size. 

Explanation of the narrowing of the ingot-sheet price differen
tial in the second half of the twenties might be found in anyone 
or more of the following factors. (I) Reduction in the cost of 
rolling. ( 2) Desire on the part of the integrated firm to weaken 
or drive out independent rolling mills. (3) A change in demand 
conditions making profitable a greater degree of discrimination 
between the prices returned per pound of the basiC component in 
the form of sheet products and in the form of products of other 
important fabricating branches in which a substantial part of the 
business was done by independents who purchased ingot from the 
integrated firm.3°(4) Simply a desire to extend the use of sheet 
products, particularly the strong wrought-alloy products, for the 
pleasure of seeing aluminum gain a position beside steel as a basic 
construction material, even though profits were sacrificed in the 
process. To distinguish the last point more precisely from the 
third, let it be assumed that the third point includes a policy of 
sacrificing immediate profits with the purpose of increasing profits 
some few years hence in all cases where the present value of the 
expected future gain exceeds the present sacrifice; while the last 
point signifies a policy of sacrificing more than the present value 

far below the scale required for efficiency. Whether or not this was true of du
raIumin sheet does not seem clearly established . 

., Price of the basic component is derived by subtracting the cost of converting it 
into the final product from the price received for the latter. The reader should 
recall the discussion of discrimination above, pp. 2Z7 if. 
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of the expected future gain.81 (5) Overinvestment in sheet facil
ities due merely to mistakes in estimating demand. 

A study of the available evidence of all sorts bearing upon 
the ingot-sheet price differential does not yield any clearly defined 
explanation of the declining spread. The Aluminum Company has 
installed larger and more efficient rolling mills in the past fifteen 
years. There seems to be no question that its rolling costs have 
been reduced in that period. Unfortunately, no thoroughly satis
factory data upon the relations between cost of rolling and the 
ingot-sheet price differential are obtainable. For the years prior to 
1925 there are no data which enable comparison of these two 
quantities; and the fragmentary cost figures applying to the whole 
period since the war do not afford any adequate measure of the 
extent of cost reductions.82 Although one of the chief allegations 
in the Baush suit was that the Aluminum Company had narrowed 
its differentials between the prices of ingot and various products 
until they did not cover its fabricating costs, the data introduced 
relevant to this charge were meager. 

Table 30 shows annual composite averages of price and of 
fabricating cost of all aluminum and aluminum-alloy sheet sold 
by the Aluminum Company in the years I925-I930, and compares 
both the average price differential with average fabricating cost 
and the derived price of 99 per cent ingot (average price of sheet 
less average fabricating cost) with the average list price of 99 
per cent ingot sold in the market. Since average fabricating cost 
apparently covers only direct operating expenses, plant overhead, 
depreciation, and taxes, and does not include any expense on 
account of administrative overhead, use of plant, working capital, 
or selling, it would appear that the prices which the company re-

• ExpenditureJ by those in control pursuant to the latter policy would really 
constitute cODSumption rather than investment, from tbeir point of view. 

• The Federal Trade Commission secured from the Aluminum Company figures 
Mowing total weight of aluminum sheet fabricated in each year 1921-1924 and the 
aggregate fabricating cost, evidently direct operating cost plus plant overhead 
(FTC Docket 1335, Commission Exhibit 73S). These indicate that annual average 
cost varied in these years from about 8.5 cents to about 10 cents per pound. An 
officer of the company testified in 1928 that average cost was then 5.5 to 6.5 cents 
per pound (ibid., Record, pp. 3265-3266). Since these figures evidently represent 
composite averages of different varieties, sizes, and gauges there is little reason to 
suppose that they provide an accurate measure of changes in efficiency. Com
parable average price differentiala for the years in question are not obtainable. 
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TABLE 30 

ALUMINUM COMPANY OF AMERICA - PRICE AND COST DATA FOR ALUMINUM 
AND ALUMINUM-ALLOY SHEET OF ALL CLASSES AND 99 PER CENT 

INGOT, 1925-1930 

(Cents per Pound) 

(I) (2) (3) (4) (5) 
Average Average Average Average Average 

Price List Ingot- Fabricat- Price of 
Received Price of Sheet ing Cost Sheet Less 
for Sheet 99 Per Cent Price of Sheet Average Fah-

Year Ingot Differential ricating Cost 
(1)-(2) (1)-(4) 

1925 37·61 28.15 9-46 9·33 28.28 
1926 36·30 27·50 8.80 8·50 27·80 
1927 32.98 25·82 7-1 6 7·93 25·05 
1928 30.25 24·30 5·95 7.72 22·53 
1929 ...... 32.37 24·30 8.07 8.27 24.10 
1930 ...... 31.04 23.78 7.26 6·99 24·05 

The figures in columns 1,4, and 5 appear in Exhibit'3I3, BMTC v. ACOA 
appellant; those in column 2 are computed from figures in Exhibit 344, ibid. 
The figures of column I evidently represent the average gross receipts per 
pound for all sheet sold by the Aluminum Company. It appears that the 
figure of 36.28 cents per pound for the year 1926 given in Exhibit 313 was the 
result of a slight mistake in computation. The figures of column 2 represent 
yearly averages of the list prices for 99 per cent ingot rath,er than the average 
gross receipts per pound, which are not available. The average fabricating 
costs in column 4 include all items of direct expense and plant overhead, de
preciation, taxes. Administrative overhead, use of plant, cost of working capi
tal, and selling expense are evidently not included (BMTC appellant v. ACOA, 
fols. 2685 ff.). . 

ceived for its sheet of all sorts did not return sums equal to its 
list price of ingot plus the average full cost of fabrication, includ
ing normal returns on fabricating investment, in some of these 
years at least. To the extent that ingot was sold to rolling mills 
at prices different from the list prices during these years the actual 
differentials with respect to such sales differed from those shown 
in column 3. Over a period of about twenty-three months in 
1928, 1929, and 1930 the Aluminum Company evidently sold 99 
per cent ingot to the Sheet Aluminum Corporation at 23.8 cents 
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per pound when its list price was 24.3 cents.33 Whether conces
sions were made to other mills by the Aluminum Company does 
not appear. 

With one exception the data of Table 30 were not separated for 
the different classes of aluminum and alloy sheet nor for different 
gauges, so it does not appear whether very low prices on a f~w 
varieties of sheet pulled down the composite average. Average 
prices and average fabricating costs (similar in make-up to those 
of the above table) were presented for 17S sheet.34 It appears that 
in this case the differential between the average sales price of sheet 
and the average list price of ingot barely covered average fabricat
ing cost in 192 5 but exceeded it thereafter by amounts ranging 
from about 2 cents to about 8.5 cents. Whether or not these mar
gins covered all other costs in various years does not appear.a5 An 
officer of the Aluminum Company has testified that, although the 
company had worked up a substantial tonnage in duralumin alloys 
(which include other alloys as well as 17S) and their products 
between 1916 and 1929, it had incurred over the whole period a 
net loss upon the several million dollars of investment devoted 
to this part of the business.se It was not stated whether the com
pany made any earnings in that department of the business in any 
single year during that period or in subsequent years. The avail
able data upon the ingot-sheet cost and price differentials, although 
quite inadequate for thorough analysis, seem to indicate that in 
part of the period 1925-1930, at least, the price differential of the 
Aluminum Company was below its full conversion cost for some 
varieties or gauges of sheet.IT Whether these were competitive 

• BMTC v. ACOA appellant, Exhibit 262. 
"'Ibid., Ezhibit 335. 
• Allocations of total administrative overhead and selling expense between various 

products were computed by attorneys for the plaintiff on the basis of relative dollar 
value of sales. For 175 sheet these two items amounted to about 3.5 cents in each 
year 1925-1929. It is highly questionable whether such a method of allocation 
)ields even rough approximations to true cost. 

• BMTC appellant y. ACOA, fols. SI08 II. It would appear that this statement 
referred to the investment in fabricating facilities only, not the whole investment 
from ore up used for duralumin. 

or Certain other data on this matter introduced in the Baush case do not serve 
to amplify thiJ conclusion. Testimony on the fabricating cost of certain gauges 
of aluminum sheet in 1926 appears in BMTC v. ACOA appellant, fols. 5333 II. nata 
on the marked reduction in cost of rolling hard alloys after installation of a new 
mill at Alcoa in 1931 are also given (ibid., fols. 5313-5318). The Aluminum Com-
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or noncompetitive varieties and gauges is not revealed by the in
formation at hand. 

If, as seems likely, the price differential did not always cover 
the full cost of rolling in the years in question, the explanation is 
not altogether dear. No intent to weaken or suppress competition 
seems to be proved by the somewhat conflicting testimony in the 
two trials of the Baush case.ss The whole of the evidence seems 
to allow either the interpretation that the declining price differen
tial was partly due to a desire to take business away from the in
dependents or that it is explainable 011 other grounds entirely, 
but does not indicate that discouragement of competition was the 
chief motive. 

Several considerations suggest that the most profitable policy 
for the Aluminum Company would have required narrowing the 
ingot-sheet price differential by substantial reductions in sheet 
prices in the absence of competitors in the rolling branch. In the 
early twenties aluminum sheet began to suffer from the competi
tion of sheet steel and tubular steel in the automobile and air
craft markets, and stainless steel assumed competitive importance. 
Shortly thereafter, the new strong alloys reached the stage of de
velopment where wide industrial application was feasible. Marked 
price reductions on virgin ingot, alloy ingot, or alloy sheet were 
evidently required to stimulate demand and test out its elasticity 
in the potential markets for alloy sheet and its products - struc
tural and decorative uses in building construction, furniture, bus 
and truck bodies, railroad cars, and so forth. Lowering the price 
of alloy sheet would enable maintenance of the most profitable 
price of virgin ingot sold in many other markets, old and new, 
where drastic price reductions might diminish profits. General 
sale of alloy ingot at low prices might have resulted iIi some trans
ference of demand for virgin ingot to the former.s9 Furthermore, 

pany followed a policy of retaining title to the metal and paying tolls to its 100 

per cent subsidiary which produced sheet. Attorneys for the plaintiff computed 
that the difference between the prices received by the Aluminum Company for 
178 sheet and the toll charges paid by it to its fabricating subsidiary was less in 
each year 1926 and 1928-1930 than the ingot price. The basis. upon which the ' 
toll charges were set up does not appear, however. 

• Some little testimony indicating such intent was presented by certain wit
nesses and denied by the chief officials of the Aluminum Company. 

• Given a price advantage, this would occur in so far as the alloy in question 
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it is doubtful if independent enterprise would have been willing 
to assume the risks of attempting to develop the potential markets 
for the high-strength alloys as rapidly as the Aluminum Company 
evidently desired, especially in the face of the deterrents to the 
establishment of independent rolling mills which have been ex
plained above. An executive has given it as his opinion thilt 
with existing conditions in the steel and other metal markets gross 
dollars received from the sale of strong-alloy products would 
have been less during the years 1925-1931 had their prices been 
several cents higher.40 

A decrease in the prices of the new alloy sheet may have re
quired cuts in the price of pure aluminum sheet and manganese
alloy sheet. If consumers of these two types of sheet began to 
purchase the new alloy sheet, which is more expensive to produce, 
the profits on the latter might be increased by much less than 
the reduction in the profits in the two other markets. Furthermore, 
in some cases different varieties of sheet could be used in com
plementary fashion on the same job, provided the prices of all 
were low enough. And, as mentioned above, sheet steel and 
tubular steel were becoming stronger competitors. It would ap
pear that the demand for ordinary sheet, as well as the new alloy 
sheet, was becoming more elastic at lower prices in the twenties 
than had been the case earlier. Evidently the prices of several 
varieties and gauges of sheet were reduced to the point where 
they contained, after subtracting the full costs of conversion, 
lower prices for the basic component than it had formerly brought 
in the form of sheet or than it was then returning in the form of 
some other products. Apparently earnings per unit of investment 
were lower on that part of the investment from ore up devoted 
to the production and sale of high-strength alloys than in most 
other parts of the business. Losses may have been incurred on the 
former. No figures are given which would enable such a com
putation. During the twenties several million dollars were ex
pended for additions and improvements in rolling equipment.41 

could be substituted for virgin metal or other alloys or if the virgin metal could 
be easily extracted from the alloy. 

• BMTC v. ACOA appellant, fo1. 5324. By implication the indicated elasticity 
of demand _ to depend on conditions in other metal markets rather than OD 
the existence of competing producers of hard alloys. -Ibid., Exhibit 473. 
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Capacity seems to have been expanded much ahead of demand. 
Unless this is to be explained entirely by mistakes in estimating 
demand, which is to be doubted, it appears that profits which 
might have been earned by investment in something else were 
sacrificed by a policy of overexpanding the investment devoted to 
the hard alloys to reduce direct cost, and lowering their prices 
drastically to build up consumption more rapidly than would . 
otherwise have been accomplished.42 

What is to be said as a matter of principle about the ingot
sheet price policy of an integrated firm possessing a monopoly of 
aluminum ingot? Two questions arise, one concerning the effect 
upon competition in the rolling branch, the other relating to dis
criminatory prices received for the basic component. Considera
tions of efficiency seem to afford no justification for single-firm 
monopoly at the rolling stage.43 Obviously the existence of oligop
oly, or of conditions approaching pure competition, if they become 
possible, depends upon the maintenance of an ingot-sheet price 
differential which ordinarily covers the average full cost of an 
efficient mill. This means that the price of sheet must tend on the 
average to equal the price at which ingot. is sold in the market 
plus the full cost of conversion. If monopoly profit is received on 
the ingot sold it must be received on the. ingot fabricated into 
sheet, or else competitors cannot survive.44 

As explained in an earlier chapter, a discriminatory price pat
tern does not in general seem economically justifiable in the alu
minum industry, since technological conditions do not necessitate 
the existence of substantial overcapacity for long periods. In 
so far as the maintenance of an inadequate ingot-sheet price dif
ferential facilitates discrimination, in' prices· of the- basic com
ponent it must be regarded as uneconomic. The· same would be 

.. Additional evidence which seems to support this view .~ contained in the testi
mony of officerS of the company ·and others .. See particularly BMTC appellant v. 
ACOA, fols. 4310, 4362, 5108 ff., 5195 ff. '. . 

.. It is not dear whether monopoly of production of alloy sheet would have been 
justified by efficiency for the early years of its development (which may not yet 
be over). If competition is likely to be the better form of market control it will 
probably. be more effective when some competitors enter at an early stage. 

"According to the testimony of one executive it has been the general policy of 
the 'comp~ny to set prices of fabricated products so as to cover the market price 
of ingot plus:'cost of fabrication, including profit (BMTC v. ACOA appellant, fol. 
5713). 
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true of a differential which more than covered the full conversion 
cost. Consumers of sheet products would pay less or more for the 
metal contained than consumers of products whose prices more 
nearly equaled the sum of the market price of ingot and the 
full conversion cost; and the former would consume larger or 
smaller percentages of the amounts whiCh they would take at 
prices just equal to the market price of ingot plus the cost '0£ 
fabrication. 

It may be urged, however, that discrimination would be justi
fiable when incident to temporarily unprofitable prices designed 
to develop rapidly the markets for new products, such as the 
strong alloys, or to widen the markets of old products, such as 
2S and 3S sheet. In the first place, true overinvestment - a con
dition such that the present value of future gains does not offset 
present deficits measured from normal returns - is not justified, 
providing the capital would be alternatively invested where its 
social value would be greater.u Secondly, low development prices 
in some markets would not be justifiable if they would not be 
adopted unless the resulting deficits could be recouped by prices 
returning more than normal profits from other markets; under 
such circumstances one set of consumers would be forced to sub
sidize another group. Provided returns on all parts of the in
vestment devoted to serving other markets tended to be equal 
and not above normal, special low prices to cultivate a new market 
should not be considered uneconomic discrimination as long as 
the temporary overinvestment is not so large as to constitute 
true overinvestment as defined above 46 - the discrimination is 
a necessary temporary prelude to a better allocation of economic 
resources. It is plain, however, that such a policy pursued over 
several years, though unobjectionable in itself, might, as a result 
of the accompanying inadequate ingot-sheet price differential, re
sult in restricting the freedom of entry at the rolling stage and 
weakening or eliminating existing single-stage mills which were 
not provided with large financial reserves. Under certain circum-

• U the funds would not be so invested, and if the persoDS who decide what to 
do with them an: also the owners of these sums, overinvestment for consumption 
(lee n. 31, p. 387 above) is not objectionable un1ess it prevents the realization of 
lOme social benefits generally held superior. 

• Tbe content of the terms here involved must include allowance for reasonable 
mistakes in estimating future demand. 
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stances it is impossible to have both the existence of independent 
rolling mills and the advantages ofa price and investment policy 
on the part of the integrated firm which results in rapid develop
ment of new markets. Obviously the same consequences might 
occur, in the 3;bsence of any intent to discourage competitors, 
from a policy involving unjustifiable discrimination. If effective 
freedom of competition is to be preserved, neither justifiable nor 
unjustifiable discrimination can be permitted to result in a differ
ential which is insufficient to sustain independent mills. It fol
lows that the antitrust laws must fail of their purpose unless the 
maintenance by an integrated firm of an inadequate price differ
ential is considered unlawful, even though there is no intent to 
injure competitors. According to the criteria of unfair or uneco
nomic methods of competition given in the next chapter such a 
policy represents a practice which is uneconomic in effect, what
ever the intent. 

Inasmuch as marginal direct cost is often employed in this 
book as the criterion of correct pricing, it should, perhaps, be 
explained why the analysis of the last few pages has been put 
in terms of average full cost. As the trained economist will realize, 
the situation treated here concerns a policy which involves addi
tional investment. When the additional investment is .under con
sideration, marginal cost includes normal returns to capital and 
becomes very nearly equal to average full cost in the absence of a 
marked tendency to increasing or diminishing average cost. The 
dilemma presented by the' fact that competitors may suffer if 
the stronger firm, after creating overinvestment, properly sets 
prices according to marginal direct cost will be examined in Chap
ter XX. 

It is, perhaps, questionable whether freedom .of competition 
for one-stage sheet firms should be preserved. !Possibly the ad
vantages accruing from more rapid development of new markets 
by one or several integrated firms would outweigh the social 
benefits incident to free competition. It should be recognized, 
however, that the maintenance of free competition in all fabricat
ing stages would reduce the extent of uneconomic discrimination, 
although it would not prevent restriction of investment or output 
devoted to ingot, and hence restriction of output of all final prod
ucts. In any. event the choice between the two alternatives - free 
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competition, or rapid widening of markets which requires deficits 
measured from normal earnings for some years - should be made 
by the government and announced in the form of a definite set 
of principles governing price policies, so that the integrated firm, 
existing independents, and those contemplating entry will know 
the rules of the game. As long as the choice is in favor of free 
competition in the fabricating stages it should be decreed that the 
integrated firm may make low development prices on fabricated 
products only if it lowers the price of ingot correspondingly. 

It is obvious that the power to control the ingot-sheet price 
differential, the fear that it may be regulated for the benefit of 
the Aluminum Company, regardless of the effects upon others, and 
the knowledge that under certain circumstances independents may 
be adversely affected, are sufficient to prevent the growth of any 
substantial independent rolling-mill group unless there exists a con
viction that government agencies will ensure that the differential 
ordinarily covers the full cost of an efficient rolling firm. The 
history of the relations between the government and the aluminum 
industry has not as yet afforded such assurance, as will be evident 
after reading the later chapters. 

While competition in the production of virgin aluminum ingot 
has never existed in the United States, the less difficult obstacles 
to entry into sheet production have resulted in a small investment 
of capital and enterprise in independent rolling mills. But the 
development of a substantial group of independents has been 
deterred by elements among which the more important seem to 
be the dangers of dependence for ingot supply upon either the 
domestic monopoly or the foreign producers, and the fear of an 
ingot-sheet price differential which, in fluctuating for the benefit 
of the Aluminum Company, may injure others, whether or not 
it be manipulated to discourage competitors. 



CHAPTER XVII 

COMPETITIVE METHODS AND GOVERNMENT CONTROL 

I. CONSENT DECREE OF 1912 

WE HAVE seen that early in its career the Aluminum Company 
entered the utensil and castings branches of the industry. Just 
as its reduction patents were expiring it secured a prominent posi
tion, which has been held ever since, in these divisions, by partici
pating in two. consolidations. It is to be doubted that the company 
would have attempted to monopolize completely the utensil and 
castings branches, where the economical scale is small and entry 
is easy.l Complete monopolization would have required outright 
refusal to sell materials to fabricators or other drastic policies. 
Monopolization of these branches would not be required in order 
to maintain a price structure which discriminated between the 
two broad markets for fabricated goods. As long as the company 
controlled the sheet price the ingot quotation could be adjusted 
to the other market.2 . 

In 1909 the Aluminum Company of America took 40 per cent of 
the stock of the Aluminum Castings Company, formed as a con
solidation of the Allyne Brass Foundry Companies of Ohio, New 
York, and Michigan, the Syracuse Aluminum and Bronze Com
pany, the Eclipse Foundry Company of Detroit, and the foundry 
department of the United States Aluminum Company. It appears 
that the new corporation, which manufactured aluminum, brass, 
and bronze castings in plants at Detroit, Buffalo, Syracuse, New 

1 Below, pp. 408 and 443. 
• While complete monopolization of these broad markets might have enabled 

somewhat more discrimination between the sub-markets of each, it is probable that 
the most profitable margins of discrimination between the sub-markets within either 
one have been less than the most lucrative degree of discrimination between the 
broad markets. Until recently, at least, it would appear that the elasticities of de
mand from the sub-markets of one broad market did not differ much, because they 
were iD.fl.uenced by competition of much the same materials; whereas between the 
two broad markets the competing materials differed - e.g., brass, bronze, iron, and 
steel in the castings market, and enameled iron, tin, wood, and steel in the market 
for sheet products. 
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Kensington, Fairfield, Connecticut, Manitowoc, Wisconsin, and 
Cleveland, produced over half of the total output of aluminum 
castings in the country! 

The United States Aluminum Company had been an important 
factor in the utensil branch from its organization in 1901, but its 
business had constituted much less than "half the output in that 
field. In 1908 three of the leading utensil companies decided 'to 
end a price war by consolidating. The Aluminum Company of 
America was called in to arbitrate and help finance the combina
tion.4 In this instance its interest was one of 25 per cent, and 
the utensil factory of the United States Aluminum Company was 
not included in the Aluminum Goods Manufacturing Company, 
as the new corporation was called. Since 19II two executives of 
the Aluminum Company have held two of the six directorships 
of the Goods Company, and in 1914 an accountant of the Pitts
burgh concern was made secretary and treasurer of the new cor
poration." Shortly after the formation of the Goods Company 
internal dissension arose between Wisconsin and New Jersey 
members. When the dispute was settled, through the purchase of 
the eastern interests by the western, an agreement was entered 
into between the Aluminum Company and G. A. Kruttschnitt 
and J. C. Coleman, the New Jersey disputants, whereby the latter 
agreed not to enter any branch of the aluminum business in that 
part of the United States east of Denver for a period of twenty 
years. 

'Tariff Hearings, 1912-1913, pp. 1527, 1532. In its petition the government 
averred that this combination was formed "with the declared purpose of 'closing 
the only door remaining open to our complete control of the aluminum industry in 
America!" Tbe government further alleged that "it was the purpose and intent 
of the defendant, in the formation of said castings combination, as then declared, 
to then take in only BUch plants as were needed to do the castings business, and 
thereafter to so discriminate in their favor and to give them such preferential 
prices on their ingot, beginDing with 2 cents and increasing same to 5 cents per 
pound, if necessary, as would either destroy their competitors or compel them to 
come into said combination" and that "such declared intent has been and is being 
carried out, with the result that several competing castings companies have been 
compelled to Jell their business at a loss to said castings company!' In the absence 
of adjudication the truth of the allegations cannot be accepted. 

• See KFR, p. 71. Tbe government alleged in its I9I2 petition that the Alu
minum Company had formed the consolidation to further its control of the utensil 
and novelty field, and had discriminated in favor of its new offspring (Tariff Hear
Ings, 0'. cU., p. 1528). 

'BR, p. 52. 
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According to the Department of Justice, the Aluminum Com
pany had employed many unfair methods of competition in 
conjunction with these combinations and contracts, and those 
concerning bauxite and foreign competition, with the intent of de
stroying substan,tial competition in all branches of the industry. 
In line with the new~r antitrust policy of that time, the govern
ment's petition for a -decree against the company did not ask to 
have the combinations dissolved, but requested annulment of 
restrictive agreements and perpetual injunctions against the use 
of certain unfair methods of competition which the company was 
alleged to have employed. The decree which issued in 1912 con
formed to these requests. Lack of adjudication makes it impossi
ble to know the actual extent to which these methods had been 
used, or the consequences. 

2. GOVERNMENT BY INVESTIGATION 

The post-war decade witnessed repeated charges that the Alu
minum Company had violated the consent decree and the Clayton 
and Federal Trade"Commission Acts. An endeavor to determine 
the extent of truth in these allegations will be prefaced by a brief 
review of the government investigations in order to provide some 
understanding of the political currents which have blown about 
the government agencies concerned with enforcement of the anti
trust laws in this industry. 

When Mr. Andrew Mellon became Secretary of the Treasury 
in 192 I and the Republican Congress raised the duty upon alu
minum to 5 cents per pound, an invitation to political maneuvering 
was extended. While engaged in an inquisitorial orgy in 1924 the 
Senate appointed a select committee to investigate the Bureau of 
Internal Revenue. Under the chairmanship of Senator Couzens, 
whose enmity for Mr. Mellon had made itself known some time 
before, the committee scrutinized the tax refunds to the Mellon 
companies without finding any creditable evidence of the exer
cise of influence by the Secretary. During the presidential cam
paign of the following autumn a virulent Democratic attack was 
launched upon the adniinistration for its tariff favors and tax 
refunds to the Aluminum Company. Just a month before the 
election the Federal Trade Commission transmitted to the Senate 
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volume III of its report on the House Furnishings Industry, in 
which it stated that the methods of competition employed by the 
Aluminum Company in the cooking-utensil industry appeared to 
show repeated violations of the consent decree of 1912. It was 
extremely unfortunate that this report made its appearance during 
the height of the political attack. It did Jiot actually demonstrate 
that violations of the decree had occurred. Further investigation 
by the Department of Justice was required to decide whether the 
evidence was conclusive. What had seemed sure-fire ammunition 
for the heavy artillery which the Democrats now swung into action 
merely raised a cloud of smoke which has obscured the truth. It 
would appear that the government agencies charged with impartial 
policing were to some extent drawn into this sham battle. Shortly 
. after the submission of the report to the Senate, the Commission, 
as required by law, sent a copy of it to the Attorney General. A 
letter of acknowledgement to the Commission on January 30, 
1925, written by Assistant.to the Attorney General Seymour, to 
whom the report had been referred, and signed by Attorney 
General Stone, stated that it was apparent from the report that 
the Aluminum Company had violated several provisions of the 
decree in the period covered by the Commission's investigation 
(through the year 1922), 'and that the Department was under
taking an inquiry to bring the facts down to date.8 Owing to 
charges by the officers of the company and others that the state
ments of the Trade Commission report were unreliable, a fairly 
comprehensive investigation extending over a year was carried 
out by the Department.' 

On January 2,1926, before the investigation was completed, the 
Department abandoned its customary policy, apparently to fore
stall an anticipated newspaper attack, and gave out a statement 
reviewing the history of its relations with the Aluminum Com
pany and explaining that a careful inquiry of the complaints had 

• BeGri",1 be/ore ,Iu Commitlee 0" 'Iu Judiciary, Umted Stotes SeMte, 69th 
COftI,e", "' SelsiOft, ",IfI4,,' '0 Se1IIJte Relolutio" Z09, di,ecti", II" inquiry by 
'Iu Committee Oft ,Iu Judiciary III '0 whether due upeditio" hils been observed by 
,Iu Deparlfrlerl' 0/ /lu'ju in prOlUfltinl the ;"qtdry in llu _tter 0/ the .Alv
.. m"", ComPll"Y D/ .AmeriaJ (Washington, 1926), pp. I and 121. 

'On March 18, 1925, Mr. John Garibaldi Sargent succeeded Mr. Stone as Attor
DeY General, and shortly thereafter Col. William Donovan took Mr. Seymour's 
position. 
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not as yet revealed evidence to support the charge that the decree 
had been violated.8 It was said that the investigation would be 
completed in about three weeks. This was the signal for a Senate 
resolution directing the Committee on the Judiciary to institute 
an inquiry to determine whether the Department of Justice had 
exercised due eXpedition in the prosecution of its investigations.9 

The committee hearings which followed were conducted by that 
experienced investigator, Senator Walsh of Montana. They dis
closed a deplorable lack of cooperation between the Department 
of Justice and the Trade Commission, a disposition toward thor
oughness combined with a rather casual attitude toward the need 
for celerity, and a somewhat inept lack of knowledge about the 
affair on the part of Attorney General Sargent. Inasmuch as the 
Department's inquiry had not been completed, the officials were 
unable to testify definitely whether or not there had occurred any 
violations of the decree. The majority report of the committee 
recommending a Senate investigation of the methods of competi
tion practiced by the Aluminum Company was not accepted by 
that chamber. 

The report of the Department's investigators was presented to 
the Senate when completed in February and printed as a Senate 
document.tO It cannot be said that it altogether justified the pre
tensions to an exhaustive and intelligent thoroughness which had 
been claimed for the investigation.ll In several places it appears 
to reveal a perhaps not unnatural desire to refute the criticisms 
of Senator Walsh and the allegations of the Federal Trade Com
mission, instead of the impartial attitude proper to such an agency. 
The report unequivocally exonerated the Aluminum Company of 
any violation of the decree. The appearance of the Kitchen Fur
nishings Report during the height of the presiden~~' campaign 

• Committee on Judiciary Hearings, p. 213; 
• The resolution recited that the statute of limitations applicable to proceed

ings for criminal contempt would, by the end of January, have run against any 
prosecution based upon acts committed before the letter of Attorney General Stone 
written on January 30, 1925. Later both the Senate committee and representatives 
of the Department agreed that the one-year statute of limitations did not apply 
to such a decree as that entered against the Aluminum Company, and that the 
general statute of three years was the applicable law. See Senate Report no. 177, 
P.9 (69 Cong., I Sess.). 

,. This was the Benham Report. 
U Claimed in testimony of officials before the Committee on the Judiciary. 
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had been freely ascribed by many to a political purpose; and 
part of the Department's investigation was carried out in an at
mosphere charged with allegations of influence in high places and 
counter endeavors to protect the administration from discredit. 
It is undoubtedly true that in this instance, as in most political 
attacks, much of what was charged by the various groups was 
without foundation. But it is impossible for an outsider to know 
whether all the charges and countercharges were groundless. 

In the meantime the Federal Trade Commission had embodied 
several of the allegations of the Kitchen Furnishings Report in a 
formal complaint which also included charges of employment of 
unfair methods in the sand-castings industry and attempted mo
nopolization of the scrap-aluminum market. During the course 
of the proceedings, which stretched over nearly five years, the 
attorneys for the Commission endeavored unsuccessfully to have 
the complaint amended to contain charges of exclusion of poten
tial competition in ingot production by purchases of foreign baux
ite and water-power sites, and unfair methods in the sale of alloy 
sheet. Finally in April 1930 the original complaint was dismissed 
by the Commission for lack of evidence to support the charges. 

The Department of Justice also investigated the activities of 
the Aluminum Company in the sand-castings industry and the 
scrap market?' but has published no report on this matter. No 
proceedings were instituted. A few years earlier the attention of 
the Department had been directed to the projected lease by the 
Aluminum Company of the plants of its castings subsidiary, Alu
minum Manufactures. After inquiry the Department stated that 
no evidence had been disclosed which would justify it in inter
fering.ll During 1934 the Department of Justice again undertook 
an investigation of various aspects of the aluminum industry. No 
results have been made known as yet.1S' 

Finally, the National Recovery Administration has examined 
certain matters bearing upon the relations between the Aluminum 
Company and independent fabricators in connection with the oper
ation of the aluminum code. A report prepared by Leon Hender-

.. BR, p. 85. U BR. pp. 8-11. 

- III April 1937, while this book was in press, the Department filed suit against 
the Aluminum Company alleging violatioD of the Sherman Act and asking for dis
IOlutioD of the company. 
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son, director of the division of research and planning, was issued 
in 1935. 

Careful study of the public reports and the testimony and ex
hibits of the hearings and the Trade Commission case described 
above yields disappointing results.14 Although several thousand 
pages of information have been made public, it is impossible to 
reach definite conclusions upon many of the chief questions. This 
unfortunate result is due partIy to misconception of the issues, 
and partly to the failure to obtain adequate data of the right sort. 

3. CRITERiA OF UNFAIR METHODS OF COMPETITION 

At this point it will be well to restate the criteria for uneco
nomic or "unfair" methods of competition.15 (It should be under
stood that the concept of unfair methods here presented is one de
veloped by economists and is not a definition of unfair methods 
according to law.) An unfair method of competition may be de
fined as any practice which gives to someone a differential finan
cial advantage not resulting from greater effectiveness or purely 
fortuitous circumstances. This simple definition needs some elabo
ration. . The central test of unfairness is interference with the 
tendency for the most effective producers to supply the demands 
of consumers. Methods which are instrumental in creating single
firm monopoly not based upon superior efficiency are clearly un
fair. But the matter is rarely as simple as this, so there must be 
standards for judgment in instances where' the granting of advan
tages which do not measure differential effectiveness falls far short 
of producing complete monopoly. In formulating such standards 
we may use the two tests of intent and effect, and it should be 

" Both the Department of Justice and the lj:conomic Division of the Federal Trade 
Commission appear to have accumulated extensive files of information on the alu
minum industry which are not available .for study by the author. 

,. General usage seems to render it desirable to keep the term "unfair," which was 
originally applied to practices involving fraud, misrepresentation, stealing trade 
secrets, or the like, that were condemned by the accepted ideas of right conduct. 
The use of the same term to refer to practices such as those under examination in 
these chapters, which are often not inconsistent with the generally accepted ethical 
code, is, perhaps, unfortunate. The confusion thus engendered, from which many 
never escape, may, however, be more than repaid by the possibility of gaining ethical 
sanctions for the best economic tests. The business world seems much more ap
proachable on its ethical soundness than its economic sanity. 
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recognized that a practice may be unfair in either purpose or re
sult with regard to the stage of industry in which he who uses it 
operates, or with respect to the stages in which the recipient of 
favors, or injury, is engaged. A method employed with the intent 
to secure for the user an advantage over his competitors which his 
relative effectiveness would not allow is uilfair. And so also is a 
practice the purpose of which is to grant to a purchaser a differen:' 
tial advantage over his competitors, or inflict upon him a disad
vantage which he would not otherwise suffer - that is, to accord 
different treatment to purchasers whose demands upon the seller 
are similar in nature (e.g., specifications, shipping instructions, 
and the like) and for whom the seller's conditions of supply are 
alike. Obvious illustrations of these two general cases are, re
spectively, selling below cost to steal some of a competitor's mar
ket, and special discounts to a purchaser to enable him to undersell 
his rivals. Any arbitrary changing of conditions to avoid dis
covery of such discrimination would be evidence of unfair intent. 

Competitive practices which yield any of these results are unfair 
in effect, whatever the intent, unless their employment is due to 
abnormal conditions outside the control of the user. In the actual 
business world intent is usually so difficult to ascertain surely 
that attempts to control competitive practices must rely mainly on 
the test of effect. While it seems desirable to use the broad tests 
given above it should not be concluded therefrom, that, in the 
absence of unfair intent, the government agencies should attempt 
to deal with all methods which are unfair in effect. In a world 
where monopolistic competition is typical of most markets there 
are many practices, unfair in effect according to these criteria, the 
eradication of which by government would cost more than it would 
be worth to the community. But since the very existence of mo
nopolistic competition makes easier the getting and giving of ad
vantages not based upon effectiveness, it seems desirable to use 
the broad tests and hope that government agencies will single out 
those instances of unfair methods, elimination of which will most 
benefit the community.ul With regard to those methods which 

.. There are two alternative types of criteria for unfairness. One would assess 
each cue on its own merits without the trouble of working out any general criteria 
and decide, in each instant situation, whether there was a net balance of social 
m or welfare proceeding from employment of the method at issue. (The approach 
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affect the stage of the industry where the purchaser is engaged, 
the intensity of the effect may be greater the greater the degree of 
monopoly power at the seller's stage. Consider, for instance, the 
case of several manufacturers of special steels who sell to a large 
number of machine-tool companies. There will probably be many 
instances of price discrimination which, judged by th~se criteria, 
are unfair methods of competition, but it does not seem likely that 
the instances could be as numerous or the margins of discrimina
tion as wide as might be so if there were only one or two producers 
of special steels. Thus a method may be unfair but not worth 
bothering about because its quantitative results are small, whereas 
the same method used under a different set of circumstances may 
demand remedying because its undesirable results are much 
greater. This is the justification for scrutinizing more carefully, 
the activities of firms which possess a large degree of monopoly 
power. 

4. INJUNCTIONS OF THE CONSENT DECREE OF 1912 

We have seen that the consent decree of 1912 was ineffectual in 
creating conditions under which substantial competition in ingot 

of the Trade Commission often seems to be closer to 'this ,type than any other.) 
This criterion would often bring the same results as the one given in the text, but 
it is really no more than the most general statement of the aims of social control 
and provides no tests for measuring the balance of social consequences, The other 
criterion is the one explained in-the text, limited to instances where the results are 
different from those which would naturally obtain under, oligopoly or monopolistic 
competition. In an earlier chapter I have argued that the true consequences of 
monopoly can only be judged by comparison with the probable consequences under 
the degree of oligopoly or monopolistic competition proper to the industry under 
examination. But the competitive policies of oligopoly and monopolistic competi
tion do not provide a useful bench mark from which to begin measurement of 
unfairness. The true benefits of production' on a great scale, which justify the exist
ence of a small number of competitors, may accrue ,to consumers oilly if the few 
compete upon a basis of effectiveness. If public policy does not insist upon this, 
some of the few may employ the elements of monopoly power already possessed 
to acquire more, or to endow favorites at another stage of industry with undue ad
vantages. General economic weHare is injured if resources are not allocated among 
industries' and firms on the basis of equal marginal products. In a free capitalistic 
economy the state does not allocate resourCeS directly. But it should set such stand
ards for trade practices as will minimize departure from the best allocation of 
resources. 
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and sheet production would emerge. In order to control the activ
ities of the company in the finishing stages of the industry it 
provided a set of injunctions against more or less specifically 
designated practices. The next two chapters will be devoted to an 
examination of the success of the decree in preserving free and 
beneficial competition in the utensil and caStings branches, and a 
study of the activities of the Federal Trade Commission working' 
in the same cause under the 1914 legislation. 

In order to "prevent the unlawful acquisition by defendant of a, 
monopoly in any branch of manufacturing from crude or semi
finished aluminum" the decree enjoins the company from: (a) any 
form of combination for the control of output or price of any 
product manufactured from aluminum; (b) arbitrary delivery de
lays to competitors, refusal to ship or continue shipments already 
on order without reasonable cause, purposely delaying bills of 
lading, shipping known defective materials; (c) discriminating 
in price, under like or similar conditions, between independents and 
any of the companies in which the Aluminum Company has a 
financial interest, or charging higher prices to any competitor with 
the purpose or effect of putting him at a discriminatory disadvan
tage in bidding on contracts against the Aluminum Company or 
any concern in which it possesses a financial interest; (d) refusal 
to sell metal to prospective competitors upon the same terms as the 
company sells under similar circumstances to any concern in which 
it has a financial interest; (e) requiring, as a condition precedent 
to sale to a competitor, the divulgence of the terms proposed to 
secure the work for which the material is desired; (f) requiring, as 
a condition precedent to sale, an agreement not to compete with 
the Aluminum Company or any concern in which it is financially 
interested; (g) intimating that unless a competitor buys metal 
from the Aluminum Company or its interests he will be unable to 
obtain a supply sufficient in amount or cheap enough in price to 
permit competition with them; (") taking the position that a com
pany manufacturing any kind of aluminum goods which expands 
or engages in enterprises competitive with the Aluminum Com
pany or its interests will, for that reason, be unable to procure its 
supply from the Aluminum Company or firms in which it has an 
interest. 
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The term "competitor" as used in these sections was defined 
to include 

all persons, firms, or corporations engaged in or who are actually desiring or 
about to engage in the manufacture of any kind of products or goods from crude 
or semifinished al,uminum, whose business is not controlled or not subject to be 
controlled by defendant, its officers and agents, either by virtue of ownership 
of all or a part of the capital stock of such concerns, or through any other 
form or device of. financial interest. 

Three provisos at the end of the decree seem to be especially re
lated to the injunctions just noted. One~states that nothing in the 
decree 'shall prevent the Aluminum Company from making special 
prices or terms in order to enlarge the use of aluminum in new em
ployments or in competition with other materials. The other two 
attempt to make it impossible for the company to achieve the 
results proscribed in the above injunctions while not actually vio
lating a literal construction of them. 

Provided further, that nothing herein contained shall obligate defendant 
to furnish crude aluminum to those who are'not its regular customers, to the 
disadvantage of those who are, whenever the supply of crude aluminum is in
sufficient to enable defendant to furnish crude aluminum to all persons who 
desire to purchase from defendant,.but this proviso shall not relieve defendant 
from its obligation to perform all of its contract obligations, and neither shall 
this proviso, under the conditions of insufficient supply of crude aluminum 
referred to, be or constitute a permission to defendant to supply such crude 
aluminum to its regular customers mentioned with the purpose and effect of 
enabling defendant or its regular customers, under such existing conditions, to 
take away the trade and contracts of competitors. 

Probably this proviso reflected, recent events in th«; industry. It 
appears that in 1906, 1907, and again in 1912 a condition of "in
sufficient supply" had existed. 

It seems extremely doubtful' whether this. section, as worded, 
could have any force at all. Clearly the purpose is to prevent the 
company from using a condition of shortage as a valid excuse for 
supplying itself, its subsidiaries, and its regular customers outside, 
to the ,exclusion of those independents who are not "regular cus
tomers," or supplying the latter with much less of their needs than 
the former are able to secure. But the two parts of the proviso 
seem to result in a stalemate. Possible interpretations of "regular 
customers," "disadvantage," "insufficient supply," "take away 
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the trade and contracts," would furnish several pages of specula
tion. The section is worded in absolute rather than relative terms. 
If the company elects to follow its permission to furnish aluminum 
(evidently any aluminum at all) only to its regular customers it is 
obvious that some of the trade and contracts of others will be 
taken away unless they can buy on the same general terms from 
abroad, which may be impossible at times of scarcity. On the
other hand, if the company must order its dealings with buyers in 
such a way that occasional customers do not have any of their· 
"trade and contracts" taken away by itself or its regular customers 
the permission granted in the first paragraph becomes meaning
less. As worded, the whole proviso directly invites the courts to 
avoid the difficult questions of economic relationships involved 
and settle any issue by a legal choice of emphasis rather than an 
inquiry into the facts of the market place and a judicious assess
ment of their significance.IT Finally, restriction of this particular 
proviso to dealings in crude aluminum (evidently ingot), which 
appears quite inexplicable, renders it inoperative with regard to re
lations with utensil manufacturers, nearly all of whom have al
ways purchased sheet. 

In the third proviso attention is clearly directed to the business 
facts of the situation. 

Provided, further, that the raising by defendant of prices on crude or 
semifinished aluminum to any company which it owns or controls or in 
which it has a financial interest, regardless of market conditions, and for the 
mere purpose of doing likewise to competitors while avoiding the appearance 
of discrimination, shall be a violation of the letter and spirit of this decree. 

Sf The decree included no explicit injunction against artificial creation of a situa
tion of shortage. Probably this would constitute "delaying shipments without rea
sonable cause," whicb Is forbidden in paragraph (b). 



CHAPTER XVIII 

COMPETITIVE MEmODS IN THE UTENSIL INDUSTRY 

I. INTRODUCTORY 

AT THE time of the consent decree it was said that the Aluminum 
Company controlled the production and sale of more than 75 
per cent of the aluminum cooking utensils made in the United 
States.1 Undoubtedly this estimate was'based on the output and 
sales of the Aluminum Goods Manufacturing Company and of the 
United States Aluminum Company, a 100 per cent subsidiary of 
the Aluminum Company which manufactured the ware sold by 
the Aluminum Cooking Utensil Company. About ten years later 
these two concerns apparently produced not less than 65 per cent 
of the total output.2 Some aspects of the growth of the industry 
since 1914 are shown in the accompanying table. The persistence 
of a fairly large number of relatively small establishments sug
gests that there are few economies of large-scale production. Ten 
or a dozen companies have accounted for the larger part of utensil 
production, and among these size varies from the Goods Company 
down to concerns whose output is only from IS to 20 per cent of 
its production.s The nature of the operations of stamping or spin
ning suggests that there is a wide variation in size of the 
production unit within which unit cost varies but little. Financial, 
marketing, and management problems would seem to be relatively 
simple. Evidently there is little opportunity for large-scale econ
omiesin these departments. This industry seems to present a 
specimen which slips easily into the box labeled "constant cost." 

'During the growth of the industry the Aluminum Company of 
America through its utensil subsidiary has taken a leading part in 
the development of high-quality ware and has accomplished much 
in educating consumers to know the true advantages and limita
tions of this product.4. This attitude stands in contrast to that of 

'Tariff Hearings, 1912-1913, p. 1532. "KFR, p. 65. 
• BR, passim. 
• "Wearever" aluminum utensils (TACU product) have been a heavier gauge line 

than that made by most of the companies. 
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some of the independent firms, which have given consumers high 
claims coupled with poor quality. Many of the independent con
cerns have received much aid from the Aluminum Company, in the 
form of liberal credit terms and technical advice;1I but until re
cently, at least, it appears that the company often assumed a rather 
dictatorial attitude in dealings with its customers. 

TABLE 31 

STATISTICS Oll' GROWTH 01' ALUMINUM-WARE INDUSTRY· 

Year 

1914 
1919 
1921 
1923 
1925 
1927 
1929 
1931 
1933 

Number 
of Estab
lishments 

......... 37 

......... 39 ......... 46 

......... 45 

......... 

.0 ••••••• 50* 

......... 55 § 

......... 
'0' •••••• 

Number 
of Wage . 

Eamerst 

4,614 
7,821 
9,328 
8,777 

Capital Value of Value Added by 
Product Manufacture 

(Thousands of DoUars) 

$II,088 $19,597 $ 5,176 
29,052 50,478 17,304 

37,212 16,II7 
39,344 20,754 
32,052 
28,989 
35,100 
22,279 
16,400 

• Largely cooking utensils. Except as noted the figures of this table are 
taken from the Census of Manufactures. After 1923 the' census reported de
tailed figures only for the aggregate of establishments producing aluminum 
manufactures including sheet, shapes, cable, castings, etc., as well as ware. 

t Average for year. 
* Summary of Tariff Information, 1929, p. 727. 
§ Fifteenth United States Census, Census of Distribution, Products 01 Man

wfacturing Indwtries, 1929, p. 100. 

In October 1924 the Federal Trade Commission submitted to 
the Senate the results of its investigations pursuant to a Senate 
resolution directing it to study price conditions, combinations, and 
competitive methods in the principal branches of the house
furnishings industry. A section on aluminum described the 
organization of the aluminum-utensil industry, the position of. the 
Aluminum Goods Manufacturing Company, and the origin and 
growth of the Aluminum Company of America and its relations to 

• See BR, pp. U-77. 262-286, and FTC Docket 1335,111$#"'. 
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the utensil branch of the industry.6 The Commission recited nu
merous complaints by utensil manufacturers against the Alumi
num Company with respect to deliveries. These complaints were 
classified as follows: 

(I) Cancellation of quotas. 
(2) Refusal to promise shipment. 
(3) Unreasonable delays in deliveries. 
(4) In case of orders of metal for articles requiring two or more kinds of 

gauges, some were delivered and others held up. 
(5) Large quantities of metal on which delivery had been unreasonably de

layed were subsequently dumped on manufacturers in quantity. 
(6) Deliveries of metal in quantity were made to manufacturers on un

reasonably delayed orders shortly after their purchase of foreign metal.1 

As illustrative evidence of the existence of these difficulties with 
deliveries the Commission printed .excerpts from correspondence 
between the company and its customers, quotations of interviews 
with the latter and with officers of the company and statistical data 
concerning delays. Apparent instances of price discrimination, 
the shipment of defective metal, and the hindering of expansion 
were also adduced. A section on competitive conditions was closed 
with the following statement: 

A comparison of these provisions of the consent decree with the methods 
of competition employed by the Aluminum Company of America, described 
above, especially with respect to delaying shipments of material, furnishing 
known defective material, discriminating in prices of crude or semifinished 
aluminum and hindering competitors from enlarging their business operations 
appears to disclose repeated violations of the decree.8 

The receipt of the report by the ;Attorney General 9 launched the 
investigation of the Departmellt 'of' Justice. As we have seen, the 

• Report of the FTC on House Furnishings Industry, III, Kitchen Furnishings and 
Domestic Appliances, October 6, 1924. The aluminum sectjon also contained a study 
of prices and profits of utensil manufacturers for the years '1920-1922. 

• KFR, 'p .. 98. Further investigation seemed to show that some of these com
plaints were groundless. See below, p. 416. 

"Ibid., p. iI:i. 
• The whole of the volume on kitchen furnishings was sent to the Attorney General. 

In addition to the chapter on aluminum utensils this volume included the results 
of investigations with regard to vacuum cleaners, washing machines. refrigerators, 
sewing machines, etc., and the association activities of hardware dealers. 

The Department of Justice had been investigating trade associations in the 
refrigerator industry since 1922. Subsequent to the report of the Federal Trade 
Commission the Department obtained the convictions by a plea of guilty of about 
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results of this inquiry, which were printed in the Benham Report, 
led to the conclusion that there was no evidence to support a 
prosecution for violation of any of the provisions of the consent 
decree. 

The Federal Trade Commission, however, believing that it 
possessed sufficient evidence to start proceedings under Section 
S of its organic act, had issued a complaint on July 21, 192 S, which 
charged the Aluminum Company with employing 

a scheme the purpose and/or effect of which was and is to gain and maintain 
a monopoly of aluminum raw material, of aluminum ingots and sheets, of 
secondary aluminum, and of aluminum fabricated productsand/or aluminum 
alloy products . . . and, in order to carry out such a scheme, . . . using the 
following practices: 10 

(4) Arbitrary neglect or refusal to supply ingot or sheet to manufacturers 
in competition with the company, or its subsidiaries. 

(b) Arbitrary delays in deliveries of ingot to such competitors. 
(c) Arbitrary delivery to such competitors of an insufficient quantity of alu

minum or aluminum ingot, or a quantity less than ordered. 
(d) Delivery of defective sheet and ingot to such competitors.ll 

A comparison of these charges with the much longer list of 
practices evinced in the Kitchen Furnishings Report reveals that 
many of the latter were eliminated in the transfer of the aluminum 
matter from the economic to the legal division of the Commission 
or by the commissioners themselves. Particularly noticeable is the 
omission of the charge of price discrimination. It will also be re
marked that the charge of delivery delays, which was the most 
important in view of the actual facts, relates only to ingot. In so 

twenty companies in this industry. Cases were also successfully brought against 
associatioDS In the chair industry and in bedroom and dining-room furniture, on all 
of which the Commission had reported in earlier volumes of the house furnishings 
inquiry. III each instance the evidence was a combination of that secured by each 
of these government agencies. See pp. 124 and 229-230 of Hearings be/ore the Co",
",itte, IIJI th, Judiciary, United States Senat" 69th Congress, zst Session . 

.. The broadness of this charge was undoubtedly designed to allow the Commis
lion's attorneys to use any evidence of practices charged which might turn up in 
the hearings, whatever branch of the industry should be involved. Under the rule 
laid down by the Supreme Court in Federal Trade Commission v. Gratz (253 U. S. 
421) no order may be issued which does not apply to a practice definitely specified 
in the complaint. The major portion of the complaint in the aluminum case had 
to do with the 5and-castings branch of the industry. This will be discussed in the 
next chapter. 

II See Appendiz E for text of the complaint. 
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far as this accusation was designed to cover delays to utensil manu
facturers'it is practically meaningless, for most of these firms pur
chase only sheet. 

Hearings in the case began just a week before the Benham Re
port was introduced into the Senate.12 They were continued from 
time to time over more than three years until the middle of 1929. 
Oral argument before the Commission took place in the, early 
spring of the following year, ,and finally, on April 7, 1930, that 
body ordered the complaint dismissed for lack of evidence to sup
port the charges. Thus the Commission apparently arrived at the 
conclusion reached three years earlier by the Department of J us
tice - a conclusion directly opposite to that suggested by its 
earlier report. Yet neither the Kitchen Furnishings Report nor the 
Benham Report makes everything clear, while the Commission's 
order of dismissal was, according to regular procedure, published 

, without any explanatory discussion of issues, facts, and conclu
sions. Even a study of all the evidence appearing in the two re
ports and in the record of testimony and exhibits of Docket 1335 
is by no means entirely conclusive, although it makes some aspects 
of the matter much clearer. 

During the subsequent ~alysis' certain characteristics of the 
two reports should be borne in mind. The aluminum section of the 
Kitchen Furnishings Report, prepared by the economic' division 
of the Commission, establishes certain facts but does not probe 
the surrounding circumstance~- For the most part neither the 
reasons for the actions of th,elcompany nor the-consequences are 
disclosed, although the general tone of the report suggests that 
both were undesirable. It is not definitely concluded that the 
practices reviewed constituted unfair methods in purpose or effect, 
but in places that seems to be the implication. With regard to the 
decree,At is said that the practices "appear to disclose repeated 
violations." No exhaustive study of these matters was made for 
this report. Such was hardly contemplated by the resolution di
recting the Commission to inquire into conditions in a number of 
industries and report at the earliest possible time. 
, The Benham Report, on the other hand, purported to be a com

prehensive study of one question - whether there existed any 

10 Federal Trade Commission, in the matter of the Aluminum Company of Amer
ica, Docket 1335. 
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evidence of the nature and degree of proof required to support a 
prosecution of the Aluminum Company of America under the de
cree of 1912. To maintain a successful prosecution it would be 
necessary to prove beyond a reasonable doubt, since the proceed
ing would be one of criminal contempt, that acts were done with 
a deliberate purpose to injure a competitor.13 With this in view the 
investigation of the Department was concerned not only with the 
practices of the company but also with the reasons for them. Since 
the reasons appeared to the investigators to be found in conditions 
beyond the control of the company, it was not necessary to inquire 
into the consequences of these acts. For what it attempts, the 
Benham Report is, on the whole, a fairly comprehensive and care
ful piece of work, although its general tone suggests a somewhat 
uncritical readiness to accept explanations favorable to the com
pany.l. 

It would appear that the acts enjoined by the decree of 1912 

would under certain conditions constitute "unfair methods" within 
the meaning of Section 5 of the Federal Trade Commission Act; 
and that the tests for considering them unfair methods would be 
both broader and less severe than the criteria for making them 
violations of the decree.. Also it is obvious that the decree did not 
include all the unfair methods which might be used. 

Some of the following analysis concerns the question of prefer
ential treatment accorded the Aluminum Goods Manufacturing 
Company by the Aluminum Company of America. Hence it seems 
advisable to examine the administrative relationship existing be
tween these two companies during the post-war decade. Since the 
early years of the Goods Company, somewhat less than one-third 
of its common stock has been owned by the Aluminum Company, 
which held two of the six directorships. The rest of the stock was 
held principally by officers and directors of the Goods Company. 
The Trade Commission alleged in the Kitchen Furnishings Re
port that "the Aluminum Company of America· exercises a close 
control over the operations of the Aluminum Goods Manufacturing 

• Memorandum of law prepared by A. F. Myers. special assistant to tbe Attorney 
General. BR. pp. vi-D. 

lain parts it sounds like argument designed to refute tbe allegations of tbe Trade 
Commissioa report ratber thaD objective examinatioa of tbe questioDS. See esp. 
pp. 52. 55. 6~1. 71-'13. 84. 
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Company,m5 but it offers in the report only three instances as sup
porting evidence, and these seem far from conclusive.16 The 
Benham Report counters with a statement that "the allegation fre
quently made that the Aluminum Company of America controls 
or dominates the Aluminum Goods Manufacturing Company is 
wholly without 'merit,m7 and prints forty letters and telegrams 
passing between officials of the two companies as supporting evi
dence.ls The truth appears to lie somewhere between these op
posing views. The evidence indicates the lack of any cooperation 
between the operating departments of the two companies. Com
petition between the "Mirro" brand of the Goods Company and 
"Wearever," produced by the Aluminum Cooking Utensil Com
pany, appears to have been keen, although perhaps tempered by 
some exchange of price lists and comments about price policies.19 

Price, production, and investment programs were evidently de
cided by the Wisconsin officers with counsel from Pittsburgh at 
times.20 The advice of the Aluminum Company representatives 
was followed on most matters of financial policy.21 Banking con
nections of the Aluminum Company rendered financial services to 
the Wisconsin firm; and the latter benefited from the services of 
the Aluminum Company in the purchase of various sorts of capi
tal equipment.22 It appears that the Aluminum Company main
tained a paternalistic attitude toward the little colossus ofth~ 
utensil industry, and that the policies of the latter were shaped 
somewhat by the influence Clf the Pittsburgh directors in spite of 
their infrequent 'attendance a~ meetings.23 ' 

15 Page xxiii. 
10 Ibid., pp. 72-74. The report gives no intimation that the Commission was in 

possession of any more evidence, and in the subsequent case the Federal Trade 
Commission attorneys were unable to develop anything additional of much sig
nificance. ' 

17BR; p. 53. 
lBBR, pp. 54,161-172. 
,. FTC .Docket 1335, Commission Exhibits 58I-630; BR, pp. 163-168. 
",The advice was not always taken. When the Wisconsin directors proposed the 

erection of an additional rolling mill in 1922 the Pittsburgh directors apparently 
advised strongly against it. Nevertheless the mill was built, in spite of the fact 
that this action seems to have been regarded by the latter as a breach of confidence 
between partners (KFR, pp. 73-74; BR, pp. 54, 167). 

1I1 FTC Docket 1335, Record, pp. 1726 if., and Commission Exhibits 152, 156, 582, 
598. 

"Ibid., Commission Exhibits 89, 138, 581, 597, 600, 601 • 
.. Ibid., Commission Exhibits 581-630. 
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2. MISCELLANEOUS PRACTICES 

At the beginning of the analysis of competitive practices in the 
utensil field it should be recognized that there is little reason to be
lieve that the Aluminum Company would have any incentive to 
attempt complete monopolization of the. utensil industry. The 
process is simple, and potential competition would need but a few 
hundred thousand dollars to become active.24 Monopolization 
would require maintenance of price spreads between ingot and 
sheet and utensils which were inadequate to support outside pro
ducers, or effective tactics to keep aluminum out of the hands of 
those who wished to manufacture ware. The latter policy would 
be difficult to enforce without the former as long as the company 
sold substantial amounts of ingot or sheet in the market. Even in 
the absence of antitrust laws the former policy might be undesir
able because it was unprofitable. Preservation of a preventive 
price differential by charging high sheet prices would reduce profits 
in any markets for other sheet products where demand was more 
elastic. Were the deterrent differential put into effect by low 
utensil prices, profits in the utensil branch would suffer. However, 
assurance that the Aluminum Company has not, in all probability, 
attempted complete monopolization of the utensil branch does not 
make it unimportant to ask whether any of the company's prac
tices have discriminated, in effect, between utensil firms. Is the 
fact that the Aluminum Cooking Utensil Company and the Goods 
Company continued to be much the largest units in an industry not 
subject to marked large-scale economies to be explained by the use 
of unfair methods or on other grounds? And did the Aluminum 
Company favor any among the independents? In the following 
analysis it should be understood that the criteria of unfair methods 
explained in Section 3 of the preceding chapter are employed. A 
conclusion that according to these criteria unfair methods have 
been used would not necessarily mean that these practices were un
lawful. That would depend upon whether the Trade Commission 
and the courts adopted the same criteria. In this connection it will 
be recalled that the Trade Commission dismissed the complaint of 
1925 without order. 

• Several lines of manufacture can be adapted for production of aluminum ware 
at smaIJ 1:lq)eIISe. Some compa.aies take up aluminum uteasils as a side Iiae when 
that II profitable and aIip out at other times (BR, p. IJI). 
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We may dismiss without extended discussion all the charges of 
unfair methods and violations of the consent decree with the ex
ception of those concerning delivery delays, price discrimination, 
and discouragement of potential competition. Upon the other 
charges the evidence presented in the government reports and in 
the testimony and exhibits of the Trade Commission case is in
conclusive where it does not indicate that the charges were un
founded. Both the Kitchen Furnishings Report and the Benham 
Report cite the existence of instances of refusal to promise ship
ment, delays in needed sizes while shipping sizes less needed, large 
shipments of back orders which looked like dumping, cancellation 
of contract quotas, and shipments of defective metal. Citation of 
instances of the first four are few. For reasons explained above 
one can conclude nothing from the Federal Trade Commission 
report. The Department of Justice states that interviews with a 
large number of utensil producers and the examination of corre
spondence files of these firms and of the Aluminum Company pro
duced no evidence that these practices were the result of an intent 
to injure competitors but indicated, on the contrary, that they were 
due to abnormal conditions over which the company had no con
trol and which it was striving to meet as weli as possible. The 
Benham Report prints correspondence seeining to substantiate 
the conclusions reached. It will be recalled that these three charges 
were riot incorporated into .. the,·formal compla.int issued by the 
Commission in 1925. This seems to indicate- either very little 
faith that the continued practice of these methods could be estab
lished or belief that they were not employed unfairly. Since the 
agents of the Commission and the Department of Justice were 
given free access to the files of the Aluminum Company, the al
most complete lack of evidence to substantiate these charges may 
be taken to mean that they were groundless. 

Shipments of defective metal were evidently due largely to the 
existence of unusual industrial conditions in 1920 and 1921 or to 
internal inefficiency. The Benham Report shows that the Goods 
Company received some poor metal. Very likely quantitative 
measurement of the relative shipments of poor metal to different 
companies would have shown that there was no marked discrimina
tion in this respect. The Benham Report does not demonstrate 
this. 
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3. PRICE DISCRIMINATION 

The questions of price discrimination, unreasonable delivery de
lays, and discouragement of potential competition require more 
analysis. The first raises several interesting questions. It was 
the custom of the Aluminum Company to quote a slightly lower 
schedule price on "so ton lots" than that listed for orders of 
smaller amounts. Some utensil manufacturers contended that the 
"so ton bracket" was designed to enable the Goods Company to 
buy more cheaply than its competitors, most of whom, it was said, 
did not purchase in such large quantities.25 The Benham Report 
shows a long list of utensil firms "who during all or any of the 
years 1920, 1921, 1922, and 1923, got the benefit of So ton lot 
prices." 2t But it is not disclosed whether this benefit was gained 
regularly or sporadically by the majority. There is no attempt to 
ascertain cost differentials with a view to determining whether the 
brackets in the Aluminum Company's quantity discount were 
fixed according to considerations of cost or demand. 

During 1921 and 1922 the Goods Company received an addi
tional concession averaging slightly above 5 per cent on all 
aluminum purchased. It is explained that in earlier years the Alu
minum Company had denied the former this differential but 
granted it in 1921 in order to utilize what otherwise would have 
been idle rolling capacity. At this time the company evidently 
made concessions to any customers whenever necessary to secure 
orders needed to keep the mills running.21 It is concluded that 
the Aluminum Goods Manufacturing Company received a quantity 
price differential consistent with its consumption, although the 
only support offered for this conclusion is the fact that the annual 
purchases of the Goods Company amounted to at least three times 
those of any of the independents. There is no analysis to discover 
whether this discount actually measured the difference in the di
rect or variable costs of rolling and selling the larger tonnage of 
sheet which the Goods Company took as compared to the other 
utensil firms. Naturally, the most profitable policy for the Alu
minum Company would involve discrimination in order to maxi
mize net revenue over and above its variable costs. The data of 
Table 32 might suggest that such discrimination occurred. It is 

• BR, pp. 68, 131-131. -Ibid .. p. 68. • Ibid .. p. 66. 
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conceivable, of course, that the differences in discounts reflected 
cost differences only, but hardly likely. If such a policy conferred 
upon the Goods Company, or for that matter any utensil firm, an 
advantage relative to its competitors which found no basis in a 
difference in the cost of serving them, it is to be regarded as un
economic. Depression provides no justification on broad economic 
grounds for discrimination, no matter how salutary the results may 
be from the standpoint of stockholders.28 

The investigators of the Department of Justice were satisfied 
that there had been no illegal discrimination when they ascer
tained that during 1921 and 1922 varying price concessions had 
been granted to many different customers in the utensil and other 
industries. The table shows the difference between published 
schedule prices and actual sale prices of raw and semifinished alu
minum sold by the Aluminum Company to several utensil concerns 
and to companies in other industries. The table tells little. The 
utensil firms are not distinguished from the others. It is not cer
tain that all the important utensil companies are included in the 
list. Nor are we told upon what basis the companies from other 
industries were selected. For all. that the table reveals, every 
utensil company except the Goods Company may have received 
a discount of less than I per cent. Cumulative arrangement of the 
data does not support the conclusion that "this tabulation shows 
that . . . each of the companies considered received substantial 
discounts." 29 It seems quite probable that the large discounts were 
not secured by the utensil producers, but represented an attempt 
on the part of the company to preserve the employment of alu-

• The more general economic ~bjection to discrimination has been explained above, 
p.222 •. 

.. BR,,· p. 68. The statement may mean that each of the utensil companies received 
substantial discounts, but it does not say this definitely and the tabulation does not 
show this. 

Discount Number of Companies 

Less than 1% .............................. 10 

Less than 2% .............................. 16 
Less than 3% .............................. 19 
Less than 4% .............................. 19 
Less than 5.26% ........................... 21 

More than 5.26% ......................... 4 
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TABLE 32 

DISCOUNTS PROM SCHEDULE PRICES OF RAw AND SEMIl'ABRICATED ALUMINUM 
OF THE ALUMINUM COMPANY OF AMERICA ACCORDED VARIOUS COOKING
UTENSIL FIRMS AND USERS OF ALUMINUM IN OTHER INDUSTRIES DURING 

THE PERIOD NOVEMBER IS, 1921-OcrOBER 3, 1922 

Percentage of Variation 
Customer Total Sales between Schedule and 

(Thousands 0/ Pounds) Actual Invoice Price 

Aluminum Goods Manufacturing 
Company ................ . 

A .................... . 
B .................... . 
C .................... . 
D .................... . 
E .................... . 
F .................... . 
G .................... . 
H ................... . 
I ..................... . 
] .................... . 
K ................... . 
L .................... . 
M ................... . 
N .................... . 
0 .................... . 
p .................... . 
Q .................... . 
R .................... . 
S .................... . 
T .................... . 
U .................... . 
V: ................... . 
W .................. .. 
X .................... . 
Y ................... . 

16,343 
2,818 

2,703 
2,097 
1,847 
1,173 

758 
714 
702 
620 

554 
353 
286 
280 
256 
231 
112 

53 
51 
40 
33 
17 
II 

3 
597 
530 

5-26 
14.06 
1.07 
2·50 
5·10 
9.10 
0·35 
0.00 
1.08 

0·76 
0.26 
6.90 

1·33 
4.42 

0.61 
0·70 
1·70 
6.30 

0.69 
0.18 
0.08 
1·93 
0.07 
2.02 
2.20 
1.14 

The data of this table are taken from Exhibit 27 in the Benham Report, 
p. 228. The figures include those from the seven cooking-utensil concerns 
referred to in the Kitchen Furnishings Report. 
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minum in uses where the demand was more elastic because of 
keener competition with other metals. 

Furthermore, the table yields no clue to the proportions in 
which ingot and sheet were sold to the concerns receiving dis
counts. A separation of these two is essential for a clear picture 
because the Goods Company, unlike the other utensil firms, pos
sessed its own rolling equipment.3o A discount upon ingot sales 
to this company would have the same effect upon the competitive 
situation as a discount upon sheet. As a matter of fact, during 
1921 and 1922 this company rolled just about two-thirds of the 
sheet which it used, and in subsequent years it rolled a much larger 
proportion. A detailed inspection of the individual sales items 
from which the table in question was derived indicates that the 
sales to the twenty-five concerns other than the Goods Company 
were made up almost entirely of sheet.31 Of the total 16,343,440 
pounds purchased by the Goods Company, 9,000,000 pounds were 
definitely ingot, and the rest appear to have been sheet. Evidently 
the discount on ingot to this company was 4.17 per cent and that 
on sheet 6.15 per cent. Upon the sheet which it purchased it re
ceived more of an advantage, as compared with the majority 
of the concerns,' than the table shows; but on the sheet which it 
rolled itself it received less of an advantage, for not only was the 
percentage discount lower than that shown in the table (4.17 per 
cent as compared to 5.26 per: cent) but the discount ,of 4.17 per 
cent on ingot is actually equivalent to a lower rate upon the higher
priced sheet. The figure -5'.26 per cent is not, therefore, strictly 
comparable to the percentage figures for the other firms who were 
buying only sheet. ~en a comparable 'figure is derived by re
pricing the ingot sales at an approximat~ ~heet price, it is seen 
that the composite discount received by the Goods Company was 
equivalent to 4.3 per cent.32 

In summary, the Benham Report is inconclusive in regard to 
price discrimination. There is no analysis to show whether the 
"50 ton lot" bracket for quantity discount was based upon cost 
considerations or something else. Although there is depicted a sit
uation of varying price concessions beyond this quantity discount 

.. The Aluminum Products Company was the only other exception. 
'" These data are given in BR, pp. 229-235 . 
... Ingot was converted to sheet at the price of 30 cents, which was the Aluminum 

Company's price for coiled sheet during most of this period. 
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during 1921 and 1922, the report does not present an adequate 
comparison of the treatment accorded the Goods Company and 
that received by other utensil units. The discount to the former 
is computed, incorectIy from the standpoint of the true competi
tive situation, but its relation to differences in cost is not dis
closed"· Nothing is said of the price policy of the Aluminum 
Company in the years between 1922 and 1926, when the report· 
was issued. This section of the report appears to be directed more 
largely toward a refutation of the specific charges of the Kitchen 
Furnishings Report than the discovery of the reasons for differ
ences in price and their results. 

The Department of Justice was concerned chiefly, of course, 
with determining whether the decree of 19I2 had been violated. 
Since the section of that decree relevant to price discrimination 
contained the vague phrase "under like or similar conditions," 
the Department may have felt that the courts would consider 
that differences in either demand or supply factors constituted 
dissimilar conditions. What is said, as well as what is left unsaid, 
in the Benham Report leads one to infer that perhaps the De
partment itself took this position.a4 The reasons for the conclu
sions about price discrimination would have been much clearer if 
the report had shown the significance of the evidence in the light 
of a thorough discussion of' the meaning of this 'section of the 
decree. Finally, it must be concluded that the essential economic 
issues regarding price discrimination were not clearly perceived. 
It is partIy due to this that the evidence adduced on price dis
crimination does not seem to demonstrate whether or' not the 
decree was violated or unfair methods employed. 

4. DELIVERY DELAYS 

The three sources of information concerning the question of 
unfair methods in the cooking-utensil branch of the industry all 
describe a situation of serious delays in deliveries by the Alu
minum Company during the years 19I9-I923.85 A cursory glance 
at Tables 33 and 34 will reveal that in addition to the failure to 

.. The discounb appear to vary without reference to quantity or specifications. 
II See conclusion at p. 84 of the report • 
.. KFR, pp. 9C}-104, 315; BR, pp. 5~3, 83, 156, 189-323 j FTC Docket 133S. 

Record, IlUsim, and Commission Exhibit 729. 
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deliver substantial proportions of metal within a sixty-day period 
there were considerable differences in the treatment accorded the 
various companies. No simple explanation of this discrimination 
appears. Degree of delay does not vary directly with size, nor 
do the Aluminum Company's interests invariably enjoy the quick
est deliveries.' Moreover, it is not always the same companies 
which receive the best or the poorest shipments. 

When the Federal Trade Commission stated in the Kitchen 
Furnishings Report that the record of deliveries appeared to show 
a violation of the decree of 1912 it had not inquired into the 
causes of delay, nor had it secured data upon shipments to the 
Aluminum Goods Manufacturing Company and the Aluminum 
Cooking Utensil Company. The Department of Justice, being 
unable to find any specific complaints that delays were intentional 
on the part of the Aluminum Company, went to the records of 
the company. Figures for deliveries to the Goods Company and the 
Aluminum Cooking Utensil Company were compared with the 
data for four independents, two of which had the least favorable 
shipments as shown in the table of the Kitchen Furnishings Re
port, and two of which had the better deliveries. The Department 
was completely satisfied that there had been no violation because 

these tables of fiscal month shipments indicate that no unreasonable delays 
occurred in respect to the shipments to the four outside companies listed, 
practically all of their material having been shipped by the end of the second 
month. The tables also show that the Aluminum Cooking Utensil Company 
(the Aluminum Company's oWn subsidiary) received· ,the . least favorable 
treatment and that the Aluminum Goods Manufacturing Company (in which 
the Aluminum Company is a stockholder) receive4 }>y' no means the best 
treatment.38 

Unless shipments of only 65 to 75 per cent may be regarded as 
"practically all their material" the first conclusion is not sup
ported by $e data. 

Although apparently convinced. that no unreasonable delays 
occurred, the Department inquired into the causes of delivery 

.. BR, p. 60. It was also explained that supplying the utensil producers is a cus
tom business, and that some portions of an order "may fail to pass the inspection de
partment, in consequence of which another batch has to be rolled later. It is for 
reasons of this character that there are frequently (as shown by the tables) trivial 
amounts of an order which are not shipped within what might be described as the 
schedule period, namely, the first 30 or 60 days after receipt of the order" 
(ibid., p. 59). 
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delays by requesting the company to "prepare a statement which 
might reflect any unusual conditions as to the company's labor 
supply covering the period from January 1920 to November 1925, 

or any other conditions which might have militated against de
liveries." Correspondence was scrutinized and fifty-five letters 
and telegrams printed in the report. Like most exhibits of corre
spondence, this one was quite inconclusive. The statement of the. 
company describing abnormal conditions is more enlightening.sT 

Especially in 1920, and to a lesser degree in 1922 and 1923, the 
company was operating under unusual conditions over which it 
could exercise no control. Undoubtedly these conditions were re
sponsible for a large part of the delays in deliveries. Owing to 
the transfer of the major portion of its bauxite-mining activities 
from Arkansas to South America, the unanticipated business 
revival of 1919 found the Aluminum Company with an uncom
pleted plant in the latter region and a much reduced scale of 
operations in the former. The resultant bauxite scarcity of 1920 

was intensified by car shortages on the railroads, and inability 
to secure adequate supplies of efficient labor and of natural gas, 
which is employed in drying the ore. During 1920 only 64 per 
cent of the company's requirements of bauxite were shipped to 
the alumina plant, and the output of the latter was 64,000,000 

pounds less than could have been produced had the bauxite been 
available. Strikes and lack of efficient labor reduced the output 
of the reduction plants by about 8,000,000 pounds, according to 
the company's estimates. 

Concerning unusual conditions in 1922 and 1923 the company 
bas less to say. The East St. Louis alumina plant was entirely 
closed down for a part of 1922 on account of a coal strike. Trans
portation was hampered by freight embargoes. Business revival 
in 1922 and 1923 required the recruiting of new labor which was 
of low efficiency. As a result, both production and quality in'all 
of the company's plants were lowered. The sudden increase in 
demand for aluminum in 1923 found the company with low stocks, 
and this condition occasioned some delay in shipments of sheet 
during 1923." 

• BR, pp. 60-63. 
• ProductiOD was cut back ill 1921 to 38 per ceDt and ill 1922 to 54 per ceDt of 

the 1920 output (BR, p. 63). UDfiIled orders of sheet show a substantial iIIc:rease ill 
the latter part of 1921 and the Drat half of 1923 (ibid., p. 194). 



TABLE 33 

PERCENTAGES OJ' OBLIGATIONS SHIPPED BY THE ALUMINUM COMPANY OJ' AMERICA IN CERTAIN PERIODS TO VARIOUS COOXING-
UTENSIL COMPANIES * 

Percentages Shipped t 

Obligations Within Third Fourth Fifth Sixth Unshipped after-
Company in Pounds 60 Days * Month Month Month Month Sixth Month 

January 192o-December 1921 § 

Buckeye Aluminum Co •........ 1,423,129 61.44 II·97 10.41 4.64 3.16 8·38 
Illinois Pure Aluminum Co •..... 1,18I,3II 64.04 10·51 6.84 2.83 2.29 12.05 
Landers, Frary & Clark ........ 780,158. 52.36 7·95 8.61 6.20 4.28 20.13 
Wheeling Stamping Co ......... 699.975 55·03 10·44 9·99 II·33 7026 6.02 
Porcelain Enameling Ass'n. ..... 514,121 62·99 8·33 8.46 10.01 4·93 5-34 
West Bend Aluminum Co ....... 1,704,405 42·75 II·70 6.00 4·76 6.69 27·71 
Kewaskum Aluminum· Co" .... ; 463,402 66·72 12·36 6·76 4.92 6.66 1.98 
Aluminum Goods Mfg. Co. 

All ...................... 18,372,101 79.20 7.85 2.64 2.01 2.91 5·39 
Ingot ........... ~ ........ " . 14,044,231 91.92 7.41 0·71 
Other .. , ...................... 4,327,870 37.91 9.28 8.88 8.52 12·35 23·06 

January-December 192211 
Buckeye Aluminum Co •........ 1,452,4II 90.01 9.20 0·79 
Illinois Pure Aluminum Co •..... 3,046,800 75·53 24.10 0.03 0.09 0.05 0.20 
Landers, Frary & Clark ......... . 690,383 67·59 20·58 9.09 1·30 0.89 0·55 
Wheeling. Stamping Co ......... 490,842 95;27 3·77 0.96 
Aluminum Cooking Utensil Co •.. 7.,744,722 64.31 16.67 8·55 3-44 2·47 4·56 
Aluminum Goods Mfg. Co. 

All ...................... 22,023,245 92.U 7·35 0.23 
Ingot .................... 14,007,500 100.00 
Other .................... 8,015,745 78·33 20.20 0.63 0.01 0.83 



]anuary-]une 1923 

Buckeye Aluminum Co. ........ 795.485 87-45 9·01 0·76 2.78 • 
Illinois Pure Aluminum Co ...... 420.000 77·44 21.61 0·95· 
Landen. Frary & Clark ........ 465.91:1 63·81 23·79 10·51 1.89 0 

Wheeling Stamping Co ......... 174.°82 97-10 2·51 0·39 
Aluminum Cooking Utensil Co •.. 4.905.354 32.17 14·67 13.63 39.53 0 

Aluminum Goods Mfg. Co. 
All ...................... 5.876.517 81·90 4·04 10.25 
Ingot .................... 2.599.501 68.20 5·61 22·34 3·85 3.85 0 

Other .................... 3.277.°16 92·77 2·79 0.67 3.77 0 

• The economic division of the Trade Commission requested the Aluminum Company to submit delivery data for certain com
panies whose complaints had been noted. Data for the yean 1920. 1921. and 1922 were requested. but the company sent only 
figures for the year 1922 and a part of 1923. Furthermore. the company failed to separate the amounts shipped during the month 
of maturity from those delivered during the next succeeding month. and apparently the figures represented calendar rather than 
fiscal months. (See pp. 100-102 of the Kitchen Furnishings Report.) Subsequently the officials of the company contended that 
the tables of this report did not fairly reflect the situation. since they were prepared on the basis of calendar months. Data were 
submitted to the Department of Justice showing delivery delays on the basis of fiscal months for 1922 and the first half of 1923. 
The Trade Commission attorneys obtained similar data for the period 1920-1921. In constructing these tables I have used fiscal 
months data except where otherwise noted. 

t The percentages for each of the three periods included in the table represent averages of percentages on aU individual orders 
in that period. * In the Kitchen Furnishings and Benham reports this column is headed "percentages shipped month of maturity or first suc
ceeding month." For spot orden this means within 60 days after receipt of order. Most of the metal is ordered on long-time 
contracts calling for the shipment of a certain number of pounds each month. We are not informed. in the source of delivery 
data. how the "order date" for such contracts is determined for purposes of computing delays. 

§.Compiled from data presented in Commission Exhibit 729. FTC Docket 1335. 
II For 1922 and 1923 the data on deliveries of commodities other than ingot to aU the companies were secured from the tables 

of Exhibit 18 of the Benham Report (p. 189). and the figures for ingot shipments to the Goods Company from Docket 1335. 
Commission Exhibit 729. 

o Unshipped after fourth month. 
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Since there were no complaints that the delays were intention
ally designed to injure the purchasers and the evidence "fully 
discloses that such delays as occurred . . . were, caused by con
ditions beyond the control of the company," the Department de
cided that the decree had not been violated.39 Here again the 
Department accepted the results of inadequate analysis.40 The fact 
that many producers, including the Aluminum Company interests, 
had suffered was regarded as sufficient proof that none had been 
unfairly made to suffer. The existence of abnormal conditions 
which undoubtedly caused some of the delays was considered ade
quate proof that none of the delays were due wholly or in part 
to any other cause. There was no inquiry into results. Three 
important aspects of the situation the Benham Report neglected 
to analyze adequately. No explanation is offered of the apparent 
discrimination between the various companies. The investigators 
again did not perceive the significance of the large ingot purchases 
of the Goods Company. Thirdly, they failed to raise the question 
of artificial restriction of output. 

The margins of discrimination suggested by the tables appear 
to be rather large. However, since the figures are in each case 
averages of the deliveries during a period of several months, it is 
more than probable that they do not measure accurately th~actual 
margins of discrimination which occurred. Discriminatory effects 
as between companies would depend upon (I) the relative degree 
of initial delay at any time, and (2) the relative celerity with 
which the delayed orders were cleaned up; and the relation of these 
two to periods of better and poorer cbusiness. Obviously the actual 
discrimination would be that indic~t~d by the figures if the actual 
delays in each short period - say a month -coincided with the 
average for the whole period. Had this condition obtained" the 

"BR, p .. 83._, 
.. The'lack of complaints of unfair treatment may have seemed convincing enough 

to render a searching analysis unnecessary. But the absence of complaints should not 
have been aIlowed to assume much significance, for the purchasers who depended 
so completely on the Aluminum Company for their metal would hardly have be-. 
lieved it good policy, at a time when deliveries had been satisfactory for two years,' 
to complain abouttheir previous experience. Furthe1'lJlore, it is not likely that buyers 
would possess any information which would actuaIly prove that they were securing 
a smaller proportion of their legitimate orders than others. It is only fair to the 
Department to notice that it did consider that a study of the records of the com
pany and some attempt to ascertain the causes of delay were required. 
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disadvantage to the companies which received the poorer deliv
eries would not have been as great as it actually may have been. 
The differences in delay at the beginning of the period would have 
been as shown, and as soon as the delayed orders of the first few 
months were shipped all the companies would have been receiv
ing in each month the full amount of their. orders for that month.41 
In 1920-1921 there was a substantial variation in the average 
rates at which back orders were. completed, but in 1922 and 1923 

practically all the back orders were shipped by the end of the third 
month. Had actual deliveries in these two years coincided with the 
averages, fairly large inventories at the beginning of 1922 might 
have nullified any adverse effects of the initial delays.42 

But, of course, actual deliveries did not correspond to the aver
ages. And since the average of aggregate delays in deliveries 
to all companies varied considerably at different periods of each 
year, the range within which the actual discrimination may have 
diverged from the average is fairly wide.43 Actual discriminatory 
effects were worse than average if any concern with a poorer 
average received, in the months of better demand, delays greater 
in initial amount or more protracted than its average, while, in the 

G Thi5 may be simply illustrated. Assume that Company A receives 50 per cent in 
60 days, and 25 per cent each in the third and fourth months, while Company B is 
shipped 70 per cent in 60 days and 30 per cent during the third month. Assume 
also that half the metal delivered in the first 60 days is received in each of these 
twa months. Then after the third month each company is receiving each month 
the full amount of its orders. 

Received in Company A 
January ....•••.............. 25 

February •••• • • • • • . • • • • • • • • • • 50 
March ...... '" .............. 75 
April ........................ lOG 

May ........................ lOG 

I 

CompanyB 
35 
70 

lOG 

lOG 

lOG 

December ................... . lOG lOG 

Of course, if orden were increasing steadily from month to month the "catching 
up" could not occur until such increase stopped or the percentage of deliveries 
became better. 

• Finished product inventories of ten utensil concerns at the beginning of 1922 

averaged an amount nearly equal to 16 weeks' average 1921 production. Only one 
company had a fi.nisbed inventory equal to less than two months of the 1921 average 
production. See KFR, pp. 117-118. 

• See Table 34. Of course, actual discrimination might have diverged from the 
average in the absence of seasonal Buctuations in demand for utensils and in ag_ 
gregate deliveries. 
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same period, any firm with a better average was receiving treat
ment better than or equal to its average, or less than its average 
by a smaller amount. Conversely, actual discriminatory effects 
were not so great as the average figure wherever the opposite oc
curred. This reasoning applies to an initial period of good business 
when inventories at the start are in direct proportion to the relative 
scale of orders. In cases of greater discrimination, during a time 
of good business, than indicated by the average for the period 
shown in the table, opposite treatment during slack months would 
bring some compensation in the form of relatively larger inven
tories at the start of the next period of good business. This ad
vantage then might continue or be whittled away month by month 
through the same relative treatment as occurred during the first 
season of better demand. Enough has been said to show that the 
patterns of the actual discrimination are not sketched in by the 
averages of the tables. 

A table showing the monthly distribution of shipments to seven 
companies at different periods was included in the Kitchen Fur
nishings Report.44 Since it is figured upon the basis of calendar 

.. Appendix Table 24. at p. 315. Two companies were shipped during the period 
January 1922-June 1923 averages of 69 and 64 per cent respectively in the month 
of maturity or first succeeding month (calendar month basis). The average,ship-
ments in percentages at four periods of this time were as follows: . 

Maturity Second Third 
Period Company Month or Succeeding Succeeding 

Next Month Month 

January-March 69 60~22 39.78 
1922 .............. 64 29;32 44-79 25·89 

April-August .......... 69 64-79 34·64 ·57 
1922 .............. 64 94.07 5·69 .24 

September 1922- •.••••• 69 62.26 31.20 6.54 
March 1923 •...•••. 64 51-41 32.94 14.52 

April-Augu,st .......... 69 90.61 .05 9·34· 
1923 .............. 64 97·62 1.J9 .99· 

The following figures for two other companies are also interesting. 

September 1922- ....... A 30.28 37.07 
March 1923 ........ B 90.79 7.33 

April-August . •• •• •• .• • A 86.16 II.79 
1923 .............. B 77.13 20.89 

• Unshipped at close of second succeeding month. 

24-40 

1.65 
2.05 • 
1.98 • 



TABLE 34 

PERCENTAGES OJ' OBLIGATIONS AT DUJ'EUNT SEASONS SHIPPED BY THE ALVlIIINVlII COlllPANY OJ' AlIIERICA TO FOVR MANV

J'ACTVRERS AS COlllPARED TO SHIPMENTS TO THE ALVMIN11lII GOODS MANVJ'ACTVRING COlllPANY AND THE ALVMINVlII COOItINO 

UTENSIL COlllPANY BASED ON A FISCAL RATHER THAN A CALENDAR MONTH • 

Percentage 
Percentage Shipped after Maturity 

Unshipped 
Period Obligations Sblpped Second Third Fourth Fifth Sixth Seventh after Seventh 

InPounc!s In 30 Days Month Month Month Month Month Month Month 

Independents 
Jan.-Mar. 1922 ................ 881,147 27.46 51.81 18.10 2.63 
Apr.-Aug. 1922 ......•......... 2,344,862 54.68 41·35 3.29 0.48 0.08 0.12 
Sept. I 922-Mar. 1923 .......... 3,636,644 29.05 39;14 27·62 2.61 0·35 0·30 0.16 0·77 
Apr.-Aug. 1923 ................ 915,658 50·58 39.09 9.23 1.lot 

Aluminum Company of America Interests 
Jan.-Mar. 1922 ................ 4,903,789 18.14 56·43 20·59 0·56 1.05 1.04 0.219 
Apr.-Aug. 1922 ................ 4,37 2,226 18·59 44·21 24·47 9.56 1.25 1.00 0·48 0·44 
Sept. 1922-Mar. 1923 .......... 13,222,162 16·58 40.85 13.98 9·70 5.90 3.52 4·50 4·97 
Apr.-Aug. 1923 ................ 789,453 46.40 33·69 H·97 4·55 0.19 3·20 

• From Benham Report, Exhibit 22, p. 192. Headings and footnotes have been altered somewhat in form. The figures for the 
Aluminum Company interests are averages of the aggregate shipments to the Aluminum Goods Manufacturing Company and the 
Aluminum Cooking Utensil Company except those for the period April-August 1923, which refer to the Aluminum Goods Manu
facturing Company only. 

t Unshipped, end of third month. 
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months rather than fiscal months inferences must be tentative; but 
it suggests that some firms with poorer averages than certain of 
their competitors suffered more discrimination in the two periods 
of 1922 and the first half of 1923 than is indicated by the average 
figures of Table 33. Although the available data do not measure 
accurately the discrimination in delivery delays, they seem to leave 
no doubt that it existed in an appreciable degree. The Benham 
Report offers no explanation. 

According to the data presented, the Aluminum Cooking Utensil 
Company, the wholly owned subsidiary, received the poorest de
liveries of all. It would appear that there was no endeavor to build 
up the business of this concern at the expense of other utensil 
manufacturers. It is not explained in the Benham Report, how
ever, whether this 100 per cent subsidiary orders in the same way 
as the independents. If that is not the case, the delivery figures 
may not be strictly comparable. Nor are the relative inventories 
of this subsidiary and of the· independents presented. Further
more, for the most part the independents were making a lighter 
gauge ware which did not compete directly with the Aluminum 
Cooking Utensil Company.45 

The apparent discrimination between independents in the mat
ter of delays may have been due to differences in specifications, or 
to the fact that, in times when deliveries are poor, some buyers 
order more than they really need in the hope of securing a larger 
allotment than their competitors,46 or to other reasonable causes. 
It might have been to the advantage of the Aluminum Company, 
however, to use the general situation of delays as a cloak to dis
criminate against those whom it wished to force into a more sub
servient attitude, or whose business it wished to' hamper for one 
reason or another, or whose bargaining power was weaker. Un
fortunately, there is little or nothing in the Benham Report or in 

.. See FTC Docket 1335, Record, pp. 1285-1286; and BR, p. 135. The competition 
is really between substitute goods of different quality and price . 

.. Inter-office correspondence of the Aluminum Company intimates that the Illinois 
Pure Aluminum Company and the West Bend Aluminum Company employed this 
device in 1920 (BR, pp. 20!)-212 and 217-219). It may be noticed that the delivery 
figures for the latter are the worst for 1920-1921 and that the former appears from 
statistics to have suffered much more than some others in 1922 and 1923. How
ever, the fact that the Illinois company took practically all of the metal it ordered 
in 1922 suggests that its orders in that year were legitimate. 
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the evidence in the subsequent case before the Federal Trade 
Commission which demonstrates conclusively whether or not this 
sort of thing occurred. If there were any reason to expect that 
the Department or the Federal Trade Commission had investigated 
this aspect of the matter the lack of evidence would be significant. 
But its consideration was apparently omitted. If the proviso in 
the I9I2 decree designed to prevent the use of a condition of 
shortage as an excuse for discrimination in deliveries had been 
worded more incisively and made applicable to sheet as well as 
"crude aluminum," a thorough inquiry into the whole question 
would have been required.47 Actually there was no attempt to ex
plain fully either the causes or the comparative results to the 
companies. One would like to know whether the comparative 
changes in net earnings of the utensil concerns were in direct pro
portion to the relative delivery delays.48 

In the light of several indications in the Benham Report that 
the Goods Company rolled a large proportion of its sheet one finds 
it surprising that the Department investigators neglected to ascer
tain the facts concerning deliveries of ingot to this company.49 
The Kitchen Furnishings Report had pointed out that the Goods 
Company possessed a substantial advantage over competitors 

-It may be objected that government agencies have neither the time nor the 
money to inquire 50 carefully into alI the economic issues and facts involved, but 
this does not, of course, deny the necessity of such detailed investigation if we are 
to be assured that no unfair methods have been used. When put in terms of social 
cost and IOcial utility the objection has much force. But it is also important to 
recognize that the effectiveness of government control could be improved materially 
without increased apenditure if the government agencies perceived the issues more 
correctly and obtained more of the useful and less of the unimportant information. 

• Gross saIes figures for the various companies during 1922, 1923, and 1924 were 
included in the Benham Report, not, however, for this purpose. Gross sales data 
might be apected to relIect any serious losses of market. For the three years given 
there is no discernible relation of a causal nature between sales changes and de
liveries. Analysis of this sort would require data for years before, during, and 
after the period of delays, and some study of any complicating factors. In its de
fense to the Federal Trade Commission the Aluminum Company evidenced the 
rapid growth in net worth of the Dlinois Pure Aluminum Company, which had 
made more than half of the complaints found in the correspondence. This evi
dence is UJeless without similar data for other firms and knowledge of the extent 
to which factors other than earnings accounted for growth in net worth. 

-This advantage was mentioned by a field agent in his report (BR, p. 133), 
but apparently no data were l!ecured and the body of the report contains no dis
cussion of iL 
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through its ability to get adequate supplies of ingot while the latter 
were suffering delays in shipments of sheet.50 Equally serious de
lays of sheet to the Goods Company would mean little for the 
competitive situation if that concern were able to secure without 
delay sufficient ingot to keep its rolling mills operating at the ideal 
schedule at any given time. Figures obtained by the Federal Trade 
Commission's attorneys during the case indicate that this was 
what happened in 1920 and, to a somewhat lesser extent, in 1922 
and 1923.61 It is indicated in Table 33 that while the Goods Com
pany received very poor deliveries of sheet in 192cr1921, it ob
tained practically 92 per cent of its ingot requirements within 
sixty days and all the remainder within. the next two months. The 
ingot orders amounted to more than three times the sheet orders. 
At this time the Aluminum Company was shipping to the inde
pendents on the average only 45 to 65 per cent of their orders in 
the first two months, and the remainder was delayed to such an 
extent that substantial amounts were still unshipped at the end of 
six months. 

In order to compare the treatment of the Goods Company with 
that accorded the independents a figure has been computed show
ing the percentage of total pounds ordered of ingot and all other 
commodities which was shipped to the Goods Company in each of 
the periodS. This simple calculation might suggest that. the latter 
gained an appreciable competitive advantage through the receipt 
of almost 80 per cent of its raw. material in the first two months, 
while the independents could obtain but 45 to 65 per cent.52 In
spection of the table reveals that unfilled orders of the independents 
at the end of sixty days were not worked off at a much faster rate 
than those of the favored company. It appears that the Aluminum 

.. KFR, p. 74. For simplicity I shall use the term "sheet" to mean all commodi
ties other than ingot. The utensil producers use mostly coiled sheet and sheet 
circles. 

11 The attorneys did not, however, use the data to make the point definitely that 
the Goods Company was receiving preferential treatment. 

II This analysis is subject to the qualification that actual discrimination may have 
diverged largely from that indicated by the averages. The tendency of the inde
pendents to order more material than they needed at such times makes the aver
ages still less conclusive. The extent to which this practice occurred cannot be 
determined. Testimony in the Trade Commission case is conflicting. It is to be 
doubted that such overstatement of delays to the independents would account for 
the major part of the difference indicated by the average figures. 
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Company did not actually possess sufficient rolling capacity in 1920 

to take care of the demand for sheet, and that this inadequacy was 
caused by the abnormal post-war conditions. sa Oearly, this dis
crimination could hardly be considered a violation of the decree as 
worded. And, at first sight, this seems to be an instance of a com
petitive method which would be unfair in effect were its practice not 
due to abnormal conditions. However, the use of the limited rolling 
capacity to meet demands other than those of utensil manufacturers 
introduces complications. It seems to be true that sheet delays to 
the utensil firms were greater than those to other consumers whose 
profitable custom would be more easily lost. In the absence of 
quantitative evidence upon this point no definite conclusion is 
possible. If it were shown that the independent utensil companies 
suffered substantially because a part of their usual share of the 
Aluminum Company's rolling capacity was temporarily diverted 
to fill more profitable demands, while the Goods Company received 
materials much more promptly, it would be clear that the whole 
policy constituted an unfair method. 

In 1922 the Aluminum Company possessed adequate rolling 
capacity.1M The sales manager of the company stated that after 
completion of the new sheet mill at Alcoa, Tennessee, in Au.,aust 
1920, the company had ample rolling capacity to take care of what
ever demand emerged. S5 By 1922 the difficulties incident to get
ting a new capital unit into satisfactory operation would have been 
overcome. The shortage of ingot in 1922 was created by volun
tary curtailment of output at the reduction plants during 1921, 

lasting until a sudden pickup of demand sometime in 1922." Since 
the shortage proceeded from the ingot stage or below, the slack 
filling of sheet orders for the independents while shipping the 
Goods Company's requirements of ingot 100 per cent complete 

-See CIOrrrspcmcIrw:e BR. pp. 197. 101. _. 117-119. 
• TatimoDy of its presickat _ ftIIOIted _ follcnrs: "Ia the first p1Me, 1IIIless 

,.. ret drarIy iDto your t.ad the dilfeftDCe bet-ftaa a shortage of ingot and a lack 
of roIIiDc capacity. you do Bot aJIIIPftbmd the situalioa at aD. There IIrftI' .. 

... a sIIortace of ruDille·miD capacity OD oar put ... wbatrrer shortage there 
Us ... ill the shed basiDas is a rdectioa of the shortage ill the ingot bosiDess· 
(~.p. 100). 

la .... of the rrideBce referred to ill the precediDc footDote the statemrnt must "ft ... wroac _ far _ it applied to 19JO, ar iDamectly quoted. 
-1bi4. 
- BR. pp. 6HJ. 
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within two months is to be considered an unfair method in effect, 
whatever the motive. Whether it constituted an infringement of 
the 1912 decree would depend upon the interpretation of the word
ing of that decree. The amount of discrimination shown by the 
averages in favor of the Goods Company in 1922 is not large, how
ever, and it does not persist after the second month. The situation 
in 1923 is verY'interesting, exhibiting as it does somewhat of a 
volte-Iace. In the first six months (the figures carry us no further) 
the Goods Company ordered more sheet than ingot and received 
about 93 per cent of its sheet within sixty days after the order 
matured. Ingot shipments, which had always been very prompt, 
as we have seen, were seriously delayed. It appears that the 
Goods Company was persuaded to buy sheet, with the result that 
the Aluminum Company could meet pressing demands for ingot 
elsewhere and also keep its rolling mills in operation at an ideal 
schedule.57 During the years in question the Goods Company 

or This is suggested by the following excerpt from inter-office correspondence of 
the Aluminum Company. . 

"At the present time, we are still very hard pushed for ingot deliveries, even 
though we have not delivered anything to Aluminum Goods for some weeks. In 
order for us to deliver, say 1,000,000 pounds to Aluminum Goods Manufacturing 
Company, in addition to keeping up our regular deliveries to Werra, Oberdorfer, 
United States Steel Corporation, and dozens of others users, will mean [sic] that we 
will practically have to shut down another sheet mill, something we. can not under
take to do just now. You know that our Cleveland mill is shut down, and Niagara, 
New Kensington, and Edgewater are all crimped back for lack of ingot and also for 
lack of orders. 

"Mr. Vits told me if they could not get delivery of as much metal as they could 
use they would bring in their salesmen j iIJ. other words, they would stop selling 
goods for the balance of the year. Such a: step would not be necessary at all just 
because we could not deliver ingot to them and shut down our own sheet mills. 
The Aluminum Goods Manufacturing' Company could very nicely give us sheet 
orders which would keep our sheet mills going and would allow them to have some 
raw 'material for fabrication and shipment on their salesmen's orders. We are of 
the. opinion that Mr. Vits was largely bluffing when he threatened to stop selling alu
minum goods, because he can always buy sheet from us and at the present time we 
can give him very good deliveries. 

"The.job'cut out for you is to go to Manitowoc, see Mr. Vits and persuade him 
to give' us sheet orders which will allow the Aluminum Goods Company to run 
full tilt and also keep our own sheet miIls going, rather than have us decide to 
shut down our own sheet mills and give them ingot so they can run their new 
sheet mill. Of course, if Mr. Vits decides he must buy 2,500,000 pounds, I suppose 
we will sell it to him at today's price of 26 cents per pound, but at the present 
time I can not see how we could start delivery on such a contract, and if he buys i~ 
we will expect him to take every pound, even if the price goes down" (BR, p. 1~9). 
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seems to have obtained material of one sort or another somewhat 
more quickly than some of its competitors. 

The Department of Justice and the Federal Trade Commission 
did not analyze the question of artificial restriction of output 
by the Aluminum Company.58 The facts available are as follows. 
At the end of 1921 the company reported its ingot capacity 
to the Bureau of Internal Revenue as approximately 160,000,000 

pounds.lil Production for 1921 was about 55,000,000 pounds, for 
1922 about 75,000,000 pounds, for 1923 nearly 130,000,000 

pounds. The small output during 1921-1922 represented a volun
tary curtailment of production due to the business depression. 
Sometime in 1922 capacity operations were again resumed,so but 
during 1922 and 1923 the company's output was restricted by 
labor and transportation difficulties. The wisdom of the directors 
in curtailing operations so greatly may, perhaps, be questioned, 
but it is evident that the shortage of ingot which made it impossible 
to meet promptly all the demands for both sheet and ingot in the 
latter part of 1922 and during 1923 was not artificially induced to 
throw a screen over harassing tactics toward utensil firms. The 
chief explanation of delays in deliveries to the latter is probably 
found in the fact that other markets for the metal were less secure. 
A large amount of testimony upon deliveries to customers other 
than utensil makers was taken in the Trade Commission case. Al
though it is somewhat conflicting, one'receives the impression that 
many of these customers enjoyed much quicker deliveries. This is 
particularly true of the automobile-body manufacturers.81 When 

-This question was raised by Senator Walsh in the inquiry by the Senate Judi
ciary Committee into the expedition of the Department of Justice in the Aluminum 
Company matter. See Hearings, pp. 172-175 and 193-202. 

- HeMillr' 0/ ,/u Select eMIl"';"" /HI ,lie mvesugIJtio" 0/ ,lie Burua o/l"temQl 
RetJeruu, 68 Cong., • Sess., p. 1815. 

e FTC Docket 1335. Record. p. 6<}6. Cf. production figures, p. 572 below. 
• See the testimony of Charles T. FISher (Record, pp. 2007-2018) and of the pur

chasing agent of the Budd Manufacturing Company (Commission Exhibit no. 860, 
answers to 93rd and 94th interrogatories). Mr. FISher stated that "we had no 
trouble at aD with deliveries. " For testimony of various purchasers see Record, 
pp. 38700-4750. AD inter-office letter of the Aluminum Company referring to a re
quest by the FISher people for an extra discount is relevant. 

"Now we would like to make it very cIear to him: That we consider the FISher 
Body Company one of the very best customers we have and that we always intend 
that our negotiatioas with them shall reflect this appreciation; that this appreciation 
in times of easy delivery when there is plenty of aluminum for all, is shown by the 
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faced with the inability to meet all demands promptly it would be 
only natural to supply first those large consumers whose custom 
would be most easily lost. In automobile bodies and castings and, 
to a lesser extent perhaps, in electrical equipment the use of alu
minum in competition with steel, iron, and copper depended upon 
an advantage so slender as to disappear with delivery delays. It 
seems likely that the utensil fraternity suffered the worst treatment 
because they could not turn so easily to the use of some other 
material. 

It cannot be concluded that there was no practice of methods 
unfair according to the criteria here applied; and the conclusion 
that there was no violation of the decree does not seem grounded 
on thorough analysis. When delivery delays are analyzed upon a 
comparable basis the evidence suggests (in so far as the averages 
are significant) that the Aluminum Goods Manufacturing Com
pany received more prompt shipments than several others in 1920 

and in 1922. The evidence in insufficient to determine whether or 
not this constituted an unfair method in 1920. If the discrimina
tion suggested by the averages for 1922 occurred, it constituted 
an unfair method according to the criteria given above, although 
the consequences may not have been very great in that particular 
instance. Since neither the Department of Justice nor- the Federal 
Trade Commission seems to have penetrated far enough into the 
economic intricacies involved in the questions of discrimination 
between the various independents and restriction of sheet produc
tion for the utensil market, iUs impossible to reach certain con
clusions upon these two matters. One might infer that the main 
cause of delayed deliveries to the cook-ware industry lay in the 
~elative security of the market. Evidently discrimination between 
companies did not result in forcing any from the field, but we do 
not know the extent of financial loss suffered by the poorly treated 
firms. 

verY favorable price, numerous instances of which you can readily point out; that 
in times like these with the open market above 40 cents we expect our full schedule 
price and that our regard for them is shown hy taking care of their requirements 
in such a manner as not to interrupt their production" (Commission Exhibit 
no. lIS). Cf. also excerpt from letter printed in footnote on p. 434 above. 
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s. ATTITUDE TOWARD POTENTIAL COMPETITION 

It has been shown that the Aluminum Goods Manufacturing 
Company apparently received much more rapid delivery of ingot 
than sheet during most of the time when the independents were 
suffering from delayed shipments. One of the latter, the Alu~ 
minum Products Company of La Grange, Illinois, equipped itself 
with a rolling mill in 1920 when delays were especially annoying.82 
Interviewed by an agent of the Department of Justice, the presi
dent of this company said that he had always been able to secure 
adequate supplies of metal with reasonable promptness. In his 
report to the Department the agent noted that the president of this 
company "was one of the few independent manufacturers who were 
particularly friendly toward the Aluminum Company of America 
at the time the representatives of the Trade Commission conducted 
their investigation," and also that the correspondence files of this 
company did not indicate the same difficulties with deliveries as 
were experienced by others.88 He drew the conclusion that the 
reason was possession of a rolling mill. Was the failure of other 
utensil firms to erect rolling mills due to coercion by the Aluminum 
Company? The Kitchen Furnishings Report raised this question 
by showing excerpts from correspondence and interviews which 
indicated that late in 1921, when the ingot-sheet price differential 
was higher than usual, three of the independents had considered 
the erection of rolling mills but had later abandoned the idea." No 
evidence was found, however, by the Commission or the Depart
ment to prove that any coercion had been employed, although it 
would appear that officials of the Aluminum Company adopted a 
strenuously discouraging attitude, expressed by letter and con
ference, toward the Illinois Pure and the Kewaskum firms. 

The section of the Benham Report dealing with the discourage-

- The Aluminum Products Company had only a small mill, which did not en
tirely meet its own aheet requirements. No sheet had ever been sold. It was testified 
that an officer of the Aluminum Company told the president of the Aluminum Prod
ucts Company, when the latter consulted him before buDding the miD, that there 
wu not a banker'. profit In rolling sheet (ibid., Record, pp. 1538-1539). This was 
later denied by that officer of the Aluminum Company (BMTC appellant, v. ACOA, 
101·5434). 

-BR, p. 126. 
• UR, pp. 106-108. See Table 28 on p. 382 for changes In the prioe differential. 
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ment of potential competition exhibits an inadequate grasp of the 
economic issues involved, which reflects the failure to recognize 
the significance of prompt delivery of ingot and delayed delivery 
of sheet, and lack of understanding of the forces determining the 
ingot-sheet price differential. As far as the decree is concerned di
rect attention is confined to paragraph (f) of Section 7, which 
prohibits agreements not to compete in any line, and no violation 
is found, of course. It is surprising that the Department did not 
also give its opinion as to whether the attitude of the Aluminum 
Company violated paragraph (h), which enjoins: 

taking the position with persons . . . engaged in the manufacture of any kind 
of aluminum goods that if they attempt to enlarge or increase any of their 
industries or engage in enterprises . . . competitive with defendant . . . 
[they] will for that reason be unable to procure their supply of material from 
defendant .... 

When asked whether he had told Mr. Walker, president of the 
Illinois Pure Aluminum Company, "who was talking rolling mill," 
that the latter might be unable to secure ingot, an officer of the 
Aluminum Company is said to have replied, 

Yes, I told Walker that, but not exactly that way. I said that it had been 
our policy in the past to supply customers first and let our own mills suffer, 
but that in the future, if there was a shortage, it would be our policy to supply 
our own requirements first and that, if there was any surplus, that is what we 
would sell.65 

This attitude seems to come close to the sort of thing paragraph 
(h) attempted to enjoin .• However, the ineffectual wording of the 
proviso relative to use of a general shortage as an excuse for dis
CJimination in deliveries 'would be the deciding element if appli
cation of paragraph (h) to the given circumstances were held 
subject to that proviso. . 

The Department of Justice raised the question of the exercise of 
threat or influence - without relating it to paragraph (h) - evi
dently in order to reply to the charges of the Federal Trade Com
mission, for consideration of this question was not required to 
establish lack of violation of paragraph (f). The conclUsion that 

• KFR, p. 108. Mr. Walker said that it was also pointed out to him by the same 
officer that no one in this country had ever been able to make any money in rolling 
aluminum sheet. 
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the Aluminum Company had not used any undue pressure or in
fluence seems to depend chiefly upon acceptance of statements of 
officers of the Aluminum Company, and interpretation of the cor
respondence about Mr. Walker's proposal to build a i¢ll to mean 
that he was bluffing for the purpose of obtaining better deliveries 
and price concessions.68 This interpretation may not be true; 
Perhaps Mr. Walker was partly bluffing and partly serious. The 
reasons for both would be found in the same factors: poor deliveries 
of sheet, and an ingot-sheet differential regarded as greater than 
cost plus ordinary profit. Undoubtedly Mr. Walker had no in
tention of building a mill if he was satisfied on these points. As a 
matter of fact, officers of the Aluminum Company were sufficiently 
impressed to attempt dissuasion and make an arrangement late in 
1922 regarding deliveries of sheet which would satisfy him.81 The 
most reasonable explanation of Walker's failure to build the mill, 
although he continued for some time to express dissatisfaction with 
the price differential, is to be found partly in the cessation of de
livery delays, partly in the forbidding considerations discussed in 
Chapter XVI - dependence upon tariff-protected monopoly, and 
the fluctuating ingot-sheet differential- and partly in the diffi
culties of a new manufacturiJIg and marketing problem. Into these 
aspects of the matter the Department did not go. The ingot-sheet 
price differential is mentioned, but in place of analysis we are 
solemnly informed that 

no infonnation or evidence is at hand to support any contention that the prices 
of ingot and sheet are arbitrarily fixed by the Aluminum Company of America 
without regard to fundamental principle of economics; that is, the law of 
supply and demand [rie].8S 

An official of the Kewaskum Aluminum Company was quoted 
in the Kitchen Furnishings Report as saying that the Aluminum 
Company "did everything they could to discourage us from going 
into the rolling-mill game." 89 Yet apparently this company was 
not visited by agents of the Department of Justice. 

The matter of discouraging the erection of rolling mills was 
omitted from the complaint of the Trade Commission case. The 
evidence available indicates that the Aluminum Company engaged 

• BR, pp. '1-73. 84. 124, 157. 
.. Ibid .. pp. 236 If. 

• Ibid., p. 73. 
·Page 108 • 
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merely in dissuasion. The principal deciding elements, described 
in Chapter XVI, were, of course, self-evident. The result is not 
undesirable, provided delivery delays occur but rarely, and move
ments in the price differential do not handicap the one-stage firms. 
The absence of· rolling mills attached to the smaller utensil firms 
probably represents a social economy as well as a saving to the 
utensil manufacturers themselves. 

6. SUMMARY 

The results of study of the available evidence upon matters 
considered in this chapter may be summarized as follows. The 
unmeasureable constructive activities of the Aluminum Company 
in the utensil industry may have overbalanced the unmeasured 
results of any uneconomic conduct. To its educational efforts and 
its rigid stand for high quality a substantial part of the growth of 
the utensil industry is due. To a large extent its dealings with the 
independents seem to have been fair and helpful, if somewhat ar
bitrary and dictatorial. However, except during the last several 
years, there appeared at times of business boom numerous com
plaints, particularly with regard to delays in deliveries and the 
shipment of defective metal. From time to. time there have been 
complaints of undue price discrimination and discouragement of 
the expansion of independents. 

Since the consent decree of 1912 involved no adjudication it is 
not known to what exent the activities enjoined were previously 
practiced. From 1922 through 1929 the Federal Trade Commission 
was engaged upon investigation of the company's activities, and 
~uring part of this time an independent inquiry was made by the 
Department of Justice. Unfortunately neither of these agencies 
perceived all the important economic issues clearly; and both evi
dently encountered a considerable reluctance to talk on the part 
of persons dependent in a business way upon the Aluminum Com
pany.TO As a result, although analysis of the evidence and opinions 

.. See esp. BR, pp. 140-141; FTC Docket 1335, Record, pp. 3602 If., and Hearings 
before Committee on Judiciary, pp. 295 and 356. A reluctance to give the same 
testimony on the stand (with officials of the Aluminum Company present) which 
was apparenfiy given to agents in private appears throughout the Trade Commis
sion case. Part of the modification and denial of statements must be ascribed to an
other element, which also probably explains partially why the Department found 
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of both bodies sheds some light upon the problems, many of the 
important questions remain undecided. We do not actually know 
the extent to which delivery delays were due to abnormal post
war conditions, the inelastic capacity of the reduction process, in
efficiency, burdening the markets of most security and least 
bargaining power. The evidence available shows no proof of 
intent to injure, but for the reasons already given, it is hardly 
conclusive upon discrimination between companies. When ana
lyzed correctly the figures obtained by the two government agen
cies suggest that the Aluminum Goods Company had prompt 
deliveries of ingot while the independents were suffering rather 
long delays on shipments of sheet, although failure to break down 
the data into statistics for shorter periods precludes a definite 
conclusion that this was so. If this indeed occurred, it constituted, 
in 1922 at least, an unfair method of competition, according to my 
criteria, whatever the intent. 

Shipments of defective metal seem to have been caused by un
controllable conditions and some inefficiency. Since no analysis 
was made of the relations of cost to discounts, or of the relative 
price concessions between utensil concerns, no conclusion at all 
can be reached upon price discrimination. It seems reasonable to 
believe that, if coercion to prevent expansion had existed, evidence 
would have been forthcoming. Voluble attempts to dissuade two 
independents from building rolling mills were evidently success
ful, largely because all the other factors were so strongly opposed 
to any long-run advantage. Unfortunately the public documents 
do not exhibit a thorough analysis of the causes and nature of the 
practices complained of, and they provide little data for ascertain
ing the results. It was shown definitely that no companies were 
forced out of business by the Aluminum Company.T1 In the 
Kitchen Furnishings Report a study of rates of return upon in
vestment of each of eleven utensil concerns during 1920-1921 

demonstrates that the rates earned by the Aluminum Goods Manu
facturing Company were higher than those of all but one of the 

leu complaint than the Commission - the fact that the original inquiry by the 
latter was c:arried out during and just after the oc:currenc:e of the delays and other 
iDcidentJ, while • few years, during which relations had improved, intervened before 
the Department'. investigation. 

.. BR, pp. 7M9. Testimony in the Trade Commission case was to the same effect. 
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companies and appreciably above the average retums.72 There is 
no analysis to determine the extent to which this was due to large
scale economies, more capable management, better deliveries, or 
to other factors. For the most part the allegations of the Kitchen 
Furnishings Report were not well substantiated in subsequent 
examination. In any event there was little reason to suppose that 
the Aluminum Company was trying to monopolize the utensil field. 
Whatever uneconomic methods may have been employed repre
sented merely some relative advantage or disadvantage for the 
firms affected. 

The hearings of the Trade Commission case disclosed no indi
cation of unfair methods in the utensil branch after about 1923, 

and no further complaints concerning the activities of the com
pany in this division have come to public notice since the close of 
the case in 1930.73 It is the opinion of one official of the Commis
sion that the work of the Commission in that case contributed to 
an improvement in the relations between the Aluminum Company 
and the utensil manufacturers . 

.. KFR, p. lIS . 

.. An NRA code proposed in I9JJ for the cooking-utensil industry, but never 
adopted, contained clauses treating the matter of price differentials. See below, 
P·476. 



CHAPTER XIX 

SCRAP AND SAND CASTINGS 

I. COMPLAINT OF UNFAIR METHODS 

In the decade 1920-1930 the number of foundries pouring alu
minum sand castings in the United States ranged between 2,000 

and 2,700.1 Nearly all of these foundries were very small units. 
The bulk of the output has come from fairly large plants, some of 
which are departments of automobile companies and other manu
facturing enterprises. In 1921 it was estimated that about fifteen 
foundries turned out 35 or 40 per cent of the total production, 
one-third was produced by several sand foundries subsidiary to the 
Aluminum Company, and the remainder was scattered through 
hundreds of small units.2 The number of larger foundries probably 
did not change appreciably in the ensuing ten years.8 This in
dustry, also, fits the assumptions of constant· cost fairly well. 
Mechanization cannot extend far in sand castings, and although 
there are substantial econorrues in technical foundry control, their 
enjoyment is not confined to the largest companies. 

Both virgin and secondary aluminum are used in making sand 
castings, but the greater proportion of metal going into this form 
is secondary. The metal cost accounts for more than half the 
expense of manufacturing sand castings. The large foundries have 
always melted scrap themselves, while the smaller ones buy 
secondary ingot from large remelters. Secondary ingot sells below 
virgin except when there exists a shortage of the latter. 

The formation of the Aluminum Castings Company in which 
the Aluminum Company came to own a 50 per cent interest has 
been described. At its organization in 1909 this concern was said 
to produce over one-half of the castings output of the country. A 
decade later its successor (which is about to be introduced) was 

1 MI, XXXIII, 39 (1924); Metal Industry, XXVIII (October 1930). 
• United States Tarill Commission, Digest 01 Tariff Hearings (1922), p. 230; and 

:MI, xxx, 16 (1921). 
• Cf. testimony in FI'C Docket 1335, passim. 
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reported to . have only a third, or less, of the total sand castings 
business.4 In 1919, when the condition of the Aluminum Castings 
Company was not prosperous, a new company, Aluminum Manu
factures, was incorporated in Delaware to acquire all the assets 
of the former concern and extend its activities.5 Aluminum Manu
factures raised several million dollars of new capital. Part of this 
was contributed· by the Aluminum Company, which assumed a 
controlling interest. During 1920 the new corporation incurred a 
loss of several hundred thousand dollars exclusive of depreciation 
charges, which were not figured in. Deficits continued through 
1921 ata lesser rate, and the company did not quite break even 
in the first half of the following year.s At this juncture the Alu
minum Company of America leased all the assets of Aluminum 
Manufactures for'twenty-five years, assigning the lease to its fab
ricating subsidiary, the United States Aluminum Company. As 
rental the Aluminum Company agreed to pay dividends on the 
preferred and common stock of Aluminum Manufactures. The 
company averred that its reasons for making the lease were to 
preserve its own financial reputation and to protect the public in
vestors who had bought the stock of Aluminum Manufactures 
upon the supposition that the Aluminum Company of America was 
behind it.7 In the latter part of 1922 and in 1923 the Aluminum 
Company purchased large amounts of scrap aluminum, and the 
price of scrap rose in greater proportion than the price of virgin. 

The Federal Trade Commission was advised that the Aluminum 
Company was practicing unfair . methods ·of competition in the 
castings industry. After investigation a formal complaint was 

• Digest oiTarifJ Hearings, loco cit. The Castings Company also made brass and 
bronze castings, as did most aluminum founders, and permanent mold pistonS. 

• waU Street lournal, November 24, 1919, p. 12, and June 22, 1922, p. u. Prior 
to the formation of this new company certain officials of the Castings Company 
had withdrawn to start an independent enterprise, the Charles B. Bohn Foundry 
Cotiipany. Rapid growth and merger has brought this concern to a position in the 
industry second only to that of the Aluminum ~ompany. 

'Ibid. It is not clear whether the financial iIlsof the new corporation were largely 
inherited or were chiefly due to the increase in capitalization and plant just a year 
before the beginning of business depression. The waU Street lournal (June 22, 

1922) quoted the president of Aluminum Manufactures as saying that soon after 
organization it was found that the condition of the Castings Company had not 
been so prosperous as supposed. It was not explained how it happened that the 
true condition of the Aluminum Castings Company had been misapprehended. 

• Statement to Department of Justice (BR, pp. 8 fl.). 
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issued against the company on July 21, 1925" The first count 
charged violation of Section 2 of the Clayton Act by price discrim
ination in the sale of sheet to foundries. SiDce foundries do not as 
a rule purchase sheet, this charge was not sustained by the evi
dence.- The second count charged employment of several unfair 
methods in violation of Section 5 of the Federal Trade Commission 
Act in carrying out "a scheme the effect of which was and is to 
gain a monopoly of the aluminum sand-castings industry in the 
United States." 10 It is very unfortunate that in this instance the 
Commission attempted to meet the rule laid down by the Supreme 
Court in the Gratz case by drawing the complaint in such sweep
ing terms.ll It is quite unlikely that the Aluminum Company 
would attempt to monopolize the sand-casting branch. In the 
absence of artificial control of the differential between the prices of 
materials and the prices of castings there are no substantial bar
riers to entry into this industry. Hence artificial control would 
have to be stringent in order to gain and hold even that portion 
of the business done by the large foundries, unless the company 
were prepared to buyout substantial competitors as fast as they 
sprang up. All but a small fringe of ignorant or lucky competitors 
could be effectively shut out by keeping the selling price of cast
ings at a level unprofitable to independent enterprise; or by pre
venting would-be competitors from obtaining adequate supplies of 
scrap or virgin ingot at prices enabling them to compete. Main
tenance of price differentials between castings and their materials, 
virgin and scrap aluminum, which were inadequate to support 
independent foundries would seem the more feasible method. If 
virgin ingot was sold for other uses, however, this method would be 
profitable only when the demand for the basic component was 
more elastic in the castings market than in other uses for which 
ingot was sold. 11 At times when demand in the castings market 

• This complaint,.which also included the charges of unfair methods in the uteusil 
braDCb. ... dismissed ill I9JO for lack of evideDce to support the charges. 

• AUorBCyS for the CommissioD abandoned it for that RIISOD (FTC Docket 1335; 
FTC brief, p. .). 

-nae fuB tat of the complaint aDd _ of the compllDY is printed in Appea
elmE. 

Dnae rule of the Grat& case permits the orders of the CommissioD to deal ollly 
with aIIrptio .. clehitely charJed in the complaint. 

- o. abow. pp. 117 I .. aDd 3861. 



446 MARKET CONTROL IN THE ALUMINUM INDUSTRY 

was less elastic, differentials exceeding the cost of conversion 
could not long be maintained without attracting independent en
terprise. Preservation of a destructive scrap-castings price dif
ferential by purchasing continuously substantial amounts of scrap 
at relatively high prices would doubtless be unprofitable. At
tempts to discriminate in price between foundries and other buyers 
of the company's ingot would probably be ineffective. Finally, it 
is doubtful whether the company could prevent independents from 
securing adequate supplies of domestic, or perhaps foreign, virgin 
ingot at little more than the ruling price. 

Although it seems certain that the company was not trying to 
monopolize this branch of the industry completely, it cannot be 
so easily concluded that there was no employment of unfair 
methods with the purpose or result of advancing the trade of the 
foundries leased from Aluminum Manufactures. It must be re
iterated that although the use of unfair methods may rarely achieve 
complete monopoly, it may result in substantial advantages not 
based upon efficiency. To deal intelligently with such situations 
requires formulation of concepts in terms of degree rather than in 
absolutes. In the instant case it may well be that the executives 
of the company, feeling that they were under a charge to which 
considerable stigma attached - and which may have seemed 
ridiculous - were quite sincere in their vehement denials of 
everything and anything connected with the charge; whereas if 
the complaint had been worded in less sweeping language, the way 
might have been opened for a more objective discussion of the 
issue whether natural business policy had in this instance brought 
results which were undesirable on economic grounds. 

The particular practices with which the Aluminum Company 
was charged may be summarized as follows: 13 

(a) Arbitrarily fixing a differential between its price of virgin ingot and the 
open market price of scrap by an extensive campaign of buying scrap 

.. The complaint alleged that these practices had been and were still being em
ployed. In another paragraph the charges of arbitrary neglect or refusal to supply 
metal to competitors of the company or its subsidiaries, of arbitrary delivery delays, 
and so on, were made applicable to the activities of the Aluminum Company in 
the castings branch as well as the utensil industry. (These are summarized above, 
p. 4II.) Comparatively little attention was devoted to these matters in the con
sideration of competitive methods in the castings branch, so there is no basis for a 
discussion of them here. The complaint is reprinted in Appendix E. 
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for which it sometimes paid more than its cost of manufacturing virgin 
ingot. 

(b) Making concessions in the price of sheet to customers engaged in the 
fabrication of aluminum on the understanding that they sell back to the 
company at high prices their total supply of scrap. 

(c) Transferring virgin ingot to its subsidiaries at arbitrary prices below 
cost of production or below the price at which ingot was sold to com
petitors of the subsidiaries in the manufacture and sale of sand castings. 

(d) Selling sand castings to the automobile industry at prices approximat
ing or less than the cost of manufacture and at prices less than those 
at which competing foundries could sell at a profit, taking into con
sideration the prices they had to pay for virgin and scrap. 

After enumeration of the practices set out above in (a) through 
(d) the complaint implies in the next subparagraph that the chief 
concern of those who drew it was with the scrap-purchasing activi
ties of the company. Verbiage eliminated, this section reads: 

The practices of respondent as set out [above] ... have been made and are 
being made with the purpose and/or effect of curtailing the supply of raw 
material used by the independent . . . foundries . . . and of compelling 
[them] .•. to purchase virgin aluminum ... from respondent and with 
the purpose and/or effect of eliminating as a source of supply ... the scrap 
aluminum theretofore available. 

It will be noticed that the practices connected with price cutting 
do not seem to be regarded as main components of the scheme. 
Emphasis is laid on curtailment of the supply of materials and 
forcing the independents to pay arbitrary prices for them, with 
the result that the true economic issues are much confused. This 
unhappy consequence is, perhaps, to be explained by the concern 
of the Commission's attorneys with the following letter. 

ALUMINUM COMPANY OP AMERICA 14 

Internal correspondence 

FROM ---- To ----
Sept. 9, 1922• 

CLEVELAND OI'PICE PITTSBURGH OFFICE 

I was in Detroit last Friday and spent most of the day talking to -
and -- about the feasibility of our controlling the market on aluminum 
scrap and the. advantages to be gained by us, principally to our sand-castings 

U Commission Exhibit 525. A copy of this letter had been taken by a field agent 
of the Commission who had been granted access to the files of the company during 
the kitchen-furnishings inquiry. 
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business, by boosting the price of scrap as close to the price of new metal as 
possible. I described a scheme to you when I was talking to you in Pittsburgh, 
and it involves nothing more than deciding for ourselves upon an arbitrary 
differential between the price of new ingot and the price of reclaimed scrap, 
and in buying enough scrap ourselves for use in the castings plant to put the 
price of scrap to that level and to hold it there. 

The effect will ,be to put all jobbing foundries, including our own, on the 
same metal level; to permit us to take full advantage of the products of the 
recovery plant at Niagara Falls and at Cleveland and to permit us also, by 
means of the products of these recovery plants to offset, where necessary, any 
peculiar advantages in manufacturing conditions that some of our competitors 
may enjoy. 

I outlined the scheme to -- and to ---.-,-, and for half a day. we 
tried to pick flaws in it, and the only possible flaw that any of us could see 
in the scheme rested in the fact that none of us were quite certain as to the 
relation between the total tonnage of scrap offered for sale and the tonnage 
of castings business offered by the trade. 

I talked this feature of it over with Mr. --, who was of the opinion 
that scrap prices could be held. up to an arbitrary level by the purchase of 
perhaps considerably less than half of that which is offered. 

I would like to sit in a meeting one of these times, called for the purpose 
of throwing stones at this idea, and then if nobody can smash it, I would like 
to see the management proceed with ,it. 

This letter was written to the sales manager of the Aluminum 
Company by a district sales manager. The persons m~ntioned in 
it included another district sales manager and two officials con
nected with the leased foundries. Executives and officials testified 
that the company had not adopted any such policy as the one ad
vocated. Attorneys for the company introduced a large number of 
letters and memoranda as evidence of the innocent purpose behind 
its scrap policYi but the whole file of correspondence dealing with 
this matter was not introduced, nor made available to the examiner 
arid the ComInission's counsel. Over objection of the latter the 
examiner allowed the company to submit only what it cared to. 

Unfortunately, in the brief for the Commission there is no ade
quate analysis of the conditions under which an arbitrary narrow
ingof the price differential between scrap and virgin would grant 
to the Aluminum Company any margin of competitive advantage. 
It may be asked whether the alleged scrap policy could gain for 
the company any differential advantage over its competitors, other 
than that of helping to deprive them of adequate supplies of metal, 
without resort to price cutting in the sale of castings. The impor-
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tance of the alleged less-than-cost sales of castings is recognized in 
that one-half of the argument of the brief is devoted to this matter. 
But the relation between the scrap policy and the sale of castings 
below cost is not clearly set forth. Nor is there any satisfactory 
analysis of the standards of measuring cost at one stage of the 
operations of an integrated concern, or of the proper computation 
of cost in the short run.11 

2. PRELIMINARY ANALYSIS 

Before presenting the facts of the case it will be well to discuss 
some of the possibilities of uneconomic employment of practices 
included in the complaint and to examine the possible relations 
between scrap purchases and price cutting in the sale of castings. 
(The reader should recall the concept of unfair methods explained 
above, pp. 402 fl.) In dealing with these matters it will be con
venient, as a device of exposition, to suppose first that before in
itiation of the large scrap purchases, the Aluminum Company and 
other founders were able to sell castings for prices which fully 
covered cost, including ordinary profit in this branch, that invest
ment was well utilized, and that the total demand for castings did 
not recede during the period covered by the scrap purchases. In 
other words, we start from a condition of equilibrium in which 
demand and supply are nearly perfectly related. Marginal cost and 
full average cost per unit are equaljUI those to whom the marginal 
analysis is not familiar will encounter no difficulties in following the 
argument. Later the discussion can be broadened to include con
ditions of demand under which the full product of the investment 
in the castings industry could not command prices equal to full 
3verage cost. 

Clearly the company could expand the sales of its own foundries 

• On the whole the economics of this case were handled hy the attorneys for 
the Commission iD no less capable fashion thm lIWly economists display in dealing 
with legal intricacies. The puzzling issues of the case called for economists as weD 
as lawyers. 

II Tbia does not mean, of course, that castings which differ in size, components, 
time required for production, &Dd the like, wiI1 have the same average cosL In per
feet equilibrium the fuD average cost for each type of casting would cover an 
amount of overhead (including profit) which was equivalent to the proportionate 
utilization of investment incident to the production of a unit of that sort of 
casting. 
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at the expense of its weaker competitors by selling castings at less 
than cost - in other words, by narrowing the differential between 
the prices of the materials (scrap and virgin ingot) and the prices 
of the finished products. In the absence of such price cutting, the 
company might gain a competitive advantage by putting its rivals 
at a disadvantage relative to its own foundries with respect to 
amounts of materials obtainable and the celerity with which they 
could be secured. A determined scrap-purchasing campaign might 
make it difficult for the independents to buy their usual amounts of 
secondary metal at any price. And the company could undoubt
edly hinder them in obtaining virgin ingot, although the broad 
ingot market would probably render ineffectual any attempts to 
cut them off altogether from the latter. 

At first sight it appears that the Aluminum Company could, 
within the limits of the practices charged in the complaint, win no 
advantage over its competitors, other than hindering their sup
plies of materials, without resort to the sale of castings below cost. 
For it can easily be shown that the price movements incident to an 
extensive program of scrap absorption would not give the company 
any margin of advantage over its competitors - the effect upon 
the costs of all would be the same. The relative amounts of scrap, 
or "remelt" ingot made from scrap, and of 98-99 per cent virgin 
entering the mix for sand castings depend upon a nuniber of fac
tors. In general, there seems to be an advantage in using a large 
amount of secondary metal because the resulting product is 
sounder and machines more easily.17 But it is obvious that price 
changes, if wide enough, might become the determining element. 
Ordinarily scrap sells for a few ~ents a pound less than virgin, 
which is an additional reason"for its extensive use.by founders. 
Any unusually large demand for scrap, such as that incident to the 
alleged <:ampaign of the Aluminum Company, would induce com
petitive",bidding on the part of the independents. The price of 
scrap could go at least as high as that of its substitute, 98-99 per 
centyirgin.18 But narrowing or wiping out the scrap-virgin differ-

17 There was much testimony to this effect in the record, and some contradictory 
opinion. 

18 Scarcity of scrap might result in a price somewhat below or somewhat above 
that of 98-99 per cent primary. On the one hand, the waste in scrap would act to 
keep it below; on the other, the better machineability of castings made with some 
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ential would increase the metal costs of all founders by the same 
amount. As long as the relative prices favored the large use of 
scrap, both the company and the independents would be affected 
alike as far as the increased price of the secondary metal is con
cerned. If its price were forced to a point where it was cheaper to 
make castings chiefly from virgin, the independents would suffer 
no differential disadvantage as long as they had free access to the 
latter at the ruling price.111 As has been remarked, the broad ingot 
market offers so many possibilities of resale that price discrimina
tion between founders and other buyers would hardly be practi
cable even if imports were limited to insignificant proportions. 
Hence it appears that, except for artificial restrictions upon the 
free flow of scrap and virgin, whatever their prices, an extensive 
scrap-purchasing campaign which resulted in diminishing or elim
inating the scrap-virgin price differential could confer no competi
tive advantage upon the Aluminum Company, unless its sale price 
of castings were not raised by an amount equal to the increase in 
cost.20 

Further reflection shows, however, that under certain conditions 
the Aluminum Company (or indeed any unintegrated foundry 
company with sufficient financial resources) might, without sell
ing castings below cost, gain some advantage for itself by forcing 
the price of scrap up substantially. The metal costs of all foundries 
would, as we have seen, be increased alike. If average costs of 
production varied appreciably between foundries, some high-cost 
firms would suffer unless demand were growing at the same time to 
a position where the same total production of castings could be 

I«ODdary metal, and the uru:ertainty of obtaining virgin, migbt explain a premium. 
Of course, the price of scrap might rise substantially above that of virgin if the 
Aluminum Company kept its price of virgin down during a scarcity of primary 
metal. 

• If they always had free access to virgin the price of scrap could not go above 
the point of equal relative utility, unless some powerful interest, or a demand from 
other markets, kept it above. 

• It is obvious that if the foundries leased by the Aluminum Company had pre
viously used virgin ingot nearly altogether and purchased it at the market price, 
these foundries would gain some competitive advantage from a scrap policy which 
resulted in an increased use of scrap in making their castings and a narrowing of 
the virgin-«rap dilferentia1. No direct evidence was taken on this point, but it 
appears unlikely that these foundries had formerly used virgin ingot nearly alto
gether. In any case the resort to cheaper material would not in itself constitute 
unfair competition. 
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sold ,at prices covering 'the costs of these firms.21 Provided the 
foundries of the Aluminum Company were relatively low-cost 
units, it could, after raising the costs of all foundries by forcing 
up the price of scrap, obtain part of the erstwhile business of the 
high-cost firms which abandoned the field,22 or at least became 
weaker competitors than previously, and then allow the price of 
secondary metal to drop to its usual level again.23 During this 
whole process the Aluminum Company would, of course, have no 
greater margin of cost advantage (or disadvantage) over any of 
its competitors than before; it could gain trade only from those 
whom the uniform increase in cost pushed beyond the margin of 
profitable production. Furthermore, even if demand were increas
ing rapidly enough to allow all the concerns formerly making 
ordinary profits to continue to do so, the company might be able 
to expand more than the independents. For it could extend its own 
foundries in anticipation of the increased sale of castings when it 
allowed the price of scrap to falJ.24 Inasmuch as the Aluminum 
Company held the whip hand, its competitors might not care to 
do this.25 

It may be urged that such a scheme, when employed without 
the sale of castings below cost, even if technically an unfair method 

21. Since the evidence available upon cost variations ,between existing foundries, 
differing scales of production, and different combinations of the factors of produc
tion, is very meager, it does not seem worth while to carry theoretical analysis 
of this point into further refinements dealing with submarginal firms, different re
turns to different units of capital and enterprise within the same organization, the 
effects of expansion on cost, the possibilities connected with financial reorganization 
of the weaker concerns, and so on. " 

.. In this industry investment appears' to "be neither so 'large nor so specialized 
as in those fields where financial reorganization is nearly always preferred to aban
donment, or shift to another industry . 

.. The better independents would probably secure some of the business lost by the 
less efficient ones . 

.. If the demand for castings were very inelastic, the sale of castings would in
crease but slightly with a fall in their cost of production. ,At times when demand 
is not aJunction of price in the ordinary- way sales might be unaffected or decrease 
with a drop in price . 

.. It is conceivable, of course, that the Aluminum Company would attempt to 
increase the costs of its foundry competitors merely by raising its price of primary 
aluminum. This could be accomplished provided there were sufficient transference of 
demand from primary to secondary metal to force up the price of the latter. But 
it is doubtful if the company would raise its price of virgin ingot above the figure 
which was most profitable, considering all of the many demands for this metal, 
merely to enlarge its foundry business. . 



SCRAP A.ND SAND CASTINGS 453 
of competition, would not be socially injurious, since high-cost 
firms would be eliminated, thus enabling expansion of more effec
tive business units. Expansion of the latter might bring higher 
costs, however, and, in the actual dynamic world, at any given 
time some of the high-cost firms may be young concerns which, if 
unhampered, will later achieve low costs through growing up to the 
best scale, acquisition of experience by executives, and the like. 

Upon the assumption of uniform average costs between found
ries (no matter how the costs of all change with variations in total 
output), it is obvious that, after the price of scrap had been forced 
up, the Aluminum Company would have to sell castings below cost 
unless demand had at the same time moved forward to a position 
where the increased metal costs could be included in price without 
lessening the number of units sold. (Otherwise all foundries would 
suffer some underutilization and less than normal returns.) If 
demand advanced beyond this, the company might be able, as in 
the case of varying costs, to expand while competitors were afraid 
to, or could not obtain capital owing to their poor financial record 
resulting from a period of sales below cost. Assuming differing 
average costs between foundries and stationary demand, the 
Aluminum Company would have to sell castings below cost if its 
foundries were among the higher cost units. 

It is clear that the sale of castings below cost, when demand and 
supply conditions permitted cost to be fully covered with normal 
capacity utilized, would constitute an unfair method of competi
tion, according to the criteria set forth above, without any attempts 
to increase the cost of materials or to hinder the supplies of 
competitors. It has been pointed out that substantial additions 
to metal costs would make it impossible, under rather keen com
petition between firms having about the same cost conditions, for 
any of the concerns to obtain normal returns unless demand in
creased enough. In the event that the demand for castings did 
not grow sufficiently, the higher metal costs resulting from the 
Aluminum Company's scrap purchases could not be fully covered. 
This would constitute an instance of unfair less-than-cost selling 
unless the whole increase in cost of materials were explainable by 
elements outside the control of the company. 

The discussion must now be generalized to cover aU possible 
relations between investment and demand in the castings industry 
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as a whole; in other words, to include situations where marginal 
cost and average cost are not equal and where prices (in the ab
sence of discrimination) bring in less or more than ordinary profits. 
Under these conditions the justifiable minimum for price is mar
ginal cost. Any price for a unit of business which fails to return 
the full amount added to aggregate expense on account of that 
unit ~ in other words, the expense which would not be incurred 
if that unit were not produced and sold - is unjustifiable. In 
application to the conditions of demand now assumed, the argu
ment of the last few pages requires no change in substance. This 
will be apparent if it is understood that full average cost was there 
regarded as the justifiable minimum for price only because average 
cost was equal to marginal cost. Under all circumstances the test 
of relative efficiency in meeting society's demands is marginal 
cost. It must be understood, of course, that the items of expense 
properly included in marginal cost are determined by the size of 
the increment of output in question. Since the evidence presented 
in the case treated in this chapter was confined to individual orders 
taken over a short period of time and since no data on changes in 
capacity were given, it is not necessary at this point to examine the 
problems presented by continuous expansion which maintains over
capacity for a long time. The difficult problems incident to the 
application of the test of marginal cost to such a situation will be 
considered in the concluding chapter of this section of the book. 
At times when demand will not tak~ at prices covering average cost 
the full output of the normally efficient .capacity in an industry, 
sales below average cost are not to be considered unfair competi
tion, provided they return marginal cost. When demand yields 
prices above average cost, and marginal cost is highe,r than average 
costdue to straining existing capacity, prices above average cost 
but below marginal cost would constitute unfair pricing. In the 
absence of reasonable mistakes there can be little motive for sales 
below marginal cost under any conditions except that of gaining 
an advantage not based upon efficiency· or conferring a benefit 
which finds no explanation in efficiency. 

It must be inquired, then, in reviewing the evidence presented 
in this case, whether any of the following competitive practices, 
or any combination of them, was used unfairly by the Aluminum 
Company. 
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( I) Hindering competitors from obtaining with reasonable celer

ity adequate supplies of scrap and/or virgin metal. 

(2) Forcibly raising the price of scrap, and hence the costs of 
all foundries, with any of the following results: 

(a) Pushing high-cost firms (if cost varied between found
ries) beyond the profitable margin of production. 

(b) Reducing the profits of all foundries (if costs were uni
form between foundries) because of the impossibility of 
selling the same amount of castings at prices which 
fully covered the increased costs. (This case does not, 
however, involve prices below marginal cost of the 
smaller amount of castings sold.) 

(c) Enabling the Aluminum Company to expand the capacity 
and output of its own foundries ahead of those of its 
competitors. 

In addition to these possible consequences the situation so 
created might be used as a cloak for price cutting. 

(3) Selling castings at prices below marginal costs. Under con
ditions such that price could be made equal to full average 
cost with equipment fully utilized, average cost, being equal 
to marginal cost, would represent the minimum justifiable 
price. When demand was less intense the lowest fair price 
would be below average cost. Sales of castings below cost 
might be entirely unrelated to the other practices mentioned 
above, or they might take the form of failure to advance the 
price of castings enough to make up the increased metal cost 
incident to extensive purchase of scrap. (This case is dis
tinguished from 2b above by the fact that price does not 
cover marginal cost here.) 

It is not enough, however, to ask whether these practices have 
been employed at all, for most of them might result from circum
stances over which the Aluminum Company possessed no control. 
In fact, this was the principal defense of the company. It will be 
advantageous to examine this defense early in the presentation of 
facts and evidence in order that the tests for unfairness may be 
framed as specifically as possible. 
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3. SCRAP 

In the years 1922-1925, which were covered specifically by the 
complaint, demand for aluminum grew rapidly in most markets. 
The demand for castings was no exception. It was only toward the 
end of this period that the shift to iron crankcases began. The 
forward-moving demand reflected business recovery, increasing 
prices of other metals, and a higher price of aluminum abroad. 
It would have been strange if the domestic price of aluminum had 
not gone up under these conditions, particularly since the tariff of 
1922 raised the duty from 2 to 5 cents. 

The few undisputed facts about the scrap purchases seem to be 
substantially as follows.26 A few months subsequent to leasing. 
the plants of Aluminum Manufactures, the Aluminum Company 
began to buy large amounts of scrap. Contracts were made with 
a great number of customers to sell their scrap back to the com
pany. In several instances the contracts called for the return of 
all the scrap.27 Total amounts purchased were as follows: 

1922 Pounds 

July I-Sept. 30.. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . 327,063 
Oct. I-Dec. 31. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2,033,683 

Total for last six months .......................... :.. 2,360,746 
1923 

Total for the year. . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . .. 10,063,356 
1924 

Total for the year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3,651,748 
1925 

Total for first six months. . . . . . . . . . . . . . . . . . . . . . . . . . .. 2,463,839 

.. Unless otherwise stated, the information upon this case was'. secured from the 
J'ecord of testimony, exhibits, and briefs of Docket 1335. Footnote references will be 
given only for special points. 
. '" In at least one instance the company evidently made a special price for sheet 

contingent on the return of all scrap at a fixed price. It will be recalled that the 
complaint charged unfair use of this practice. It does not appear from the testi
mony that this practice was extensively employed; and in the one instance dealt 
with at length, the testimony seems to show that the practice was not used unfairly .. 
Several million pounds of sheet were sold to the Budd Manufacturing Company at 
a special price for use in making Ford sedan bodies. The contract called for re
turn of all resultant scrap at a set price. When the Budd company subsequently 
sold a substantial portion of the scrap to the Bohn Foundry and various utensil 
makers through a New York broker, there arose a dispute with the Aluminum 
Company over the interpretation of the term "scrap" as .used in the contract. 
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It is impossible to ascertain the exact proportions which these 

amounts made of the total scrap appearing on the market. The 
figures Z8 of the Bureau of Mines showing the secondary-aluminum 
recovery during these years were incomplete, owing to failure to 
report on the part of some firms engaged in melting scrap. Further
more, since these figures referred to recovered metal, allowance 
must be made for the shrinkage in melting, which appears to have 
averaged somewhere between 10 and 20 per cent of the weight of 
the scrap.28 On the other hand, apparently some part of the 
scrap, from which the secondary metal represented in the Bureau's 
figures was obtained, did not go through the market. The United 
States Aluminum Company probably reported secondary metal 
recovered from sheet clippings, foundry borings, and dross, and so 
on, originating in the plants of the Aluminum Company and its 
subsidiaries, as well as that recovered from purchased scrap. The 
same may be true of other firms. The proportion of market scrap 
absorbed by the Aluminum Company in 1923 was probably some
where between 10 and 25 per cent. For the subsequent years it 
must have been less than 10 per cent.IO 

According to testimony the price of scrap went up during 1922 

and 1923 in greater proportion than that of virgin. In the last 
quarter of 1922 sheet scrap rose from 14 to 20 cents, while virgin 

(Officials of the Budd Company maintained that, according to their understanding, 
the contracts called for return of only those pieces from which no product could be 
directly made - i.e., which were useless without remelting and conversion into in
got.) The correspondence over this matter seems to establish the fact that the 
thief concern of the Aluminum Company was to make a special arrangement with 
the Budd Company which would enable the cost of the Ford bodies to remain un
changed on an advancing aluminum market. Calculation of the contract prices of 
Ibeet and IImIp may have been based upon an expected rise in the price of the 
latter. In any event, when the market quotatioDS on strap rose above the contract 
figure the Aluminum Company naturally preferred to retain this advantage for it
lieU. (This matter is dealt with in Commission Exhibit 860 and Respondent's Ex
hibit 153, and much space is devoted to it in the briefs.) 

• See Table 39. 
• Testimony indicated an average of about 20 per cent shrinkage, but estimated 

recovery on the total scrap purchased by the Aluminum Company in these years 
.... about 90 per cent (Commission Exhibit 854). 

• Attorneys for the company estimated the proportioDS, after allowing for 
Ibrinkage and including the recovery of one large purchaser of strap who had not 
reported to the Bureau, as follows: 18 per cent for 1923, 5 per cent for 1924, and 4 
per cent for 192$ (Respondent', brief, p. 73). These estimates do not include the 
amount of metaI recovered from "own 1ImIp." No inquiry at all was made about 
this matter. 
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ingot went up only 3 cents. During part of 1923 sheet scrap sold 
for as much as the Aluminum Company's primary ingot.31 The 
latter was then cheaper, of course, since it costs something to con
vert scrap into "remelted" ingot. Apparently the purchases of 
scrap by the Aluminum Company in 1922-1923 were extraordinary 
as compared with the experience of the foundries when operated 
by Aluminum Manufactures.32 Evidently the company's purchases 
of scrap in the years following 1923 were also much smaller. 

From what has been said in earlier chapters it is clear that the 
Aluminum Company was hard put to it to supply the demand for 
aluminum in various forms during the latter part of 1922 and all 
of 1923. All the data submitted to the Commission upon inven
tories, production, orders, and the like bear out this fact. The 
company's principal defense was that,on account of its shortage 
of primary metal relative to the rapidly increasing demands, it 
needed the scrap which it bought, not only for its newly acquired 
foundries, but also to fill orders for aluminum in forms other than 
castings. Evidently much less than one-half of the metal scrap 
purchased during 1922-1923 was used in the foundries.ss The rest 
apparently went into regular ingot,sheet, and other products, or 
inventory. The examiner of the Commission, before whom the tes
timony was taken, was so impressed by the condition of shortage 
that his findings of fact were considered by attorneys .for the com
pany to be an adequate statement of the facts of the situation for 
their purpose.3i

, 

lt is quite possible that the scrap purchases of the'Aluminum 
Company and their effect upon 'price were entirely due to the im
pact of rapidly growing demand upon the company's small and 
rather inelastic supply of primary metal- i.e., to forces which, 

IlInter-office correspondence 'of Aluminum Company, FTC Docket 1335, Re
spondent's Exhibit IIO; also Record, p. 930: 

.. There is no direct evidence on this point. No figures were caIled for or sub
mitted. "The fact that the respondent presented no evidence to the contrary, as wen 
as inference from the testimony an4 exhibits in general, seems to substantiate the 
statement; 

"Inferred from figures given by an officer of the company (Record, p. 5279) . 
.. On the scrap aspect of the case they present his findings verbatim, with scarcely 

any addition, as their statement of the facts. Indeed, the company's attorneys filed 
no exceptions to any of the findings of the examiner in this case. Careful study of 
the evidence leads to the conclusion that the examiner's findings do not present 
a comprehensively' realistic picture of the whole situation. 
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for the purpose of deciding upon the use of unfair methods, must 
be regarded as outside the control of the company, or fortuitous.3G 

A marked shortage of virgin would result in transference of some 
demands from primary to secondary metal. Provided the outlets 
ordinarily using virgin would pay prices at least as high as the low
est prices at which the castings industry would take all the scrap 
supply, bidding between the new and old consumers of the somf" 
what inelastic supply of scrap would force its price up, and give 
to the former a portion of it. With the industry organized as it is, 
the Aluminum Company would be the instrument through which 
scrap flowed into many products (e.g., sheet and all sheet prod
ucts)." 

It is clear that the actual shortage of virgin metal would justify 
the employment in some degree of the practices listed under (I) 
and (2) on page 455 and that no condition of scarcity could make 
the methods listed under (3) fair competitive practices. Obviously 
measurement of the extent to which use of the practices under (I) 
and (2) was required by the general situation would present diffi
cult problems. Neither the Commission nor the company attempted 
it. It is impossible to conclude definitely from the available evi
dence whether the company purchased much more scrap than was 
necessary to meet the market situation in the most economical 
manner or bid the price up higher than this required. Certain 
figures suggest, however, that the company bought more scrap 
than it needed to meet the emergency,,7 If this was so, the over-

• n II the anpredidabDity of demand, of coune, which requires that the situa
tion be coDSidered outside the control of the company. The wisdom of the direc
tors in curtailing output so much in 1921 and 1922 may be questioned, but it would 
be unreasonable to judge the use of unfair methods by a debatable lack of fore
sight. 

• Ingot could be bought from producers of "remelted" ingot. But regular ingot 
customers of the Aluminum Company would probably prefer to buy from it. Ap
pareDtly producers of sheet products were not at that time accustomed to the use 
of IeCOndary meta1 (R. J. Anderson, Seumdtwy Alu";"um, Cleveland, 1931, pp. 453 
and 470). 

• ColDJIIiuion Emibit 736 includes the number of pounds of "purchased secondary 
aluminum" used by the Aluminum Company in each year, 1920-1925. The amount 
used during the three years of sc:arc:ity, 1922-1924, appears to faB short of the sum 
of ICI'ap purchased during these years (including the inventory taken over from Alu
minum Manufactures, July I, 1922) by nearly 3,000,000 pounds. For the shorter 
time, 1922-1913 (which excludes the business recession of 1924), the total avail. 
able purchased ICI'ap aceeds indicated use by almost a:actly 3,000,000 pounds. How-
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buying might have represented either a substantial overestimate 
of the amount needed or a purpose to disadvantage competitors. 

In fact, in spite of several thousand pages of testimony and 
hundreds of exhibits, it is impossible to reach very definite con
clusions upon any of the more important issues presented by this 
case. For judgment upon the intent behind the scrap purchases 
and their results - we have seen that unfairness cannot be de
termined by results alone in ~is case - it would have been exceed
ingly useful to have the actual facts about relative costs of the 
important foundries and some conclusion about the relations be
tween capacity and demand in the castings industry during the 
period in question. . 

The nature of the sand-castings business and the available facts 
concerning its organization seem to permit the inference that 
neither unit costs nor marginal costs would vary markedly, even 
from year to year, as between substantial foundry companies 
managed by men of average ability, unless there was a failure to 
keep abreast of improvements, or some companies had overex
panded, new firms had just entered the field, or other factors of 
temporary importance caused' a difference. The metal cost is a 
large part of the whole cost, and the opportunities for variation in 
administrative, capital, or operating technique do not appear to be 
'extensive. There was some suggestion in the evidence that the 
foundries of the Aluminum Company enjoyed somewhat lower 
recovery costs due to more effective apparatus. Integration may 
possibly result in small economies at this stage. If we may assume 
that costs were nearly uniform between foundries, it follows that 
the scrap policy could have gruned no unfair advantage through 
weakening or eliminating higher cost firms. There was, in fact, no 
testimony that this had happened. 

With regard to the other practices under (2)'~ using the scrap 

ever" it is not clear whether the figures for "purchased secondary aluminum used" 
represented scrap or metal recovered from scrap. (The terminology is confusing, 
for the Aluminum Company did not buy secondary ingot; it bought scrap.) When 
these' ligures are reduced by 10 per cent (tbe estimated average "shrinkage". of all 
scrap purchased July 19u-June 1925) the amount of scrap used in 1922-1923 faIls 
short of the total purchased scrap available for use by more than 1,500,000 pounds. 
For 1922-1924 there is an indicated carry-over of 1,000,000 pounds. Furthermore, 
the amount ',of "purchased secondary" used in 1925 was roughly 5,190,000 pounds, 
while. only 3,925,000 pounds were used in 1924. 
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policy to force a condition such that profits of all foundries suf
fered, thus weakening them relative to the Aluminum Company 
and perhaps enabling the latter to expand faster - no definite 
conclusion can be reached. No records of yearly capacity, output, 
and earnings of the important foundry concerns were obtained. 
The rapid increase in consumption of aluminum by the automobile 
industry 88 and the marked general business revival suggest that 
demand for castings may well have moved forward to such an 
extent that there was no need for foundry profits to suffer in spite 
of the higher metal costs, but this cannot be known for certain.BS 

If this was so, then the scrap purchases could have gained no un
fair advantage for the Aluminum Company except in so far as 
they facilitated the sale of castings below cost, or the hindering of 
competitors in obtaining materials, or created uncertainty about 
the future margin between the prices of scrap and virgin. There 
was no testimony that the independents were unable to purchase 
all the scrap they could use at the high prices ruling. Unfor
tunately, the question of the degree to which independent founders 
were supplied by the Aluminum Company with virgin, when the 
price relationship made it more economical to use large amounts 
of the primary metal in the mix, was not thoroughly examined. 
The scarce supply of virgin should have been allocated between 
industries on the basis of relative intensity of demand, and between 
firms in the same industry according to some equitable plan. Prob
ably this was done to a large extent; but it also seems likely that 
the foundries may not have been very well supplied because their 
demand for primary aluminum must have ordinarily been some
what irregular and often small. Depriving the foundries as a 
whole of some of the virgin which they desired would not be un
fair to the extent that this was necessary to fill higher paying de
mands. But the implication of the evidence is that the foundries 
of the Aluminum Company were quite well supplied with virgin 
all the time. Although there is no definite proof of this, it appears 

• See Table 5. 
• AD officer of one foundry company testified that duriDg 1923 and 1924 the price 

of ICJ'&p was too high to permit • fair profit in making castings. There was no 
general testimony bearing on this point, although many foundrymen appeared as 
wit_ in this case. Had profits in general suffered severely, it seems probable that 
the record would have shown this. 
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that the total supply of virgin made available to the foundries as 
a whole was divided in such a way that the Aluminum Company 
gained some advantage over its competitors when the price of 
scrap was so high as to make the use of large amounts of primary 
ingot desirable. Because of the general reluctance to take the 
stand against the monopoly at a time when their relations with it 
were fairly satisfactory, neither the failure of founders to com
plain of this at the hearings nor the many testimonials from 
founders that they received good treatment demonstrate con
clusively that they had not suffered earlier. If the case had been 
heard in 1923 and 1924 instead of later, the testimony would prob
ably have had gIeater evidentiary value. 

Unfortunately, no evidence of the relative expansion of the 
foundries of the Aluminum Company and those of other concerns 
was presented.40 

The evidence presented in this case does not establish any un
fair intent or results with respect to the scrap policy; but for the 
reasons given it is impossible to reach definite conclusions on some 
issues. rhe Aluminum Company may have bought more scrap 
than it needed, though neither the fact itself nor the purpose is 
demonstrated. It is probable, but not certain, that independent 
foundries were not as well supplied with virgin as those of the 
Aluminum Company. It is possible, though it does Dot seem 
very likely, that demand conditions were such that the scrap 
policy 'itself had the effect of impairing profits all round. With the 
exception of the possible qualifications just noted,. which cannot 
be resolved one way or the other:· it seeIDS probable that the scrap 
policy by itself - without relation. to the sale of castings below 
marginal cost - was not used with unfair purpose or result. 

4. PRICING OF CASTINGS 

One of the two charges connected with uJ;lfair pricing was that 
the Alumipum Company transferred metal·to its fabricating sub-

.. Figuresln MI, xxx, 16 (1921), and those given by Anderson in The M etaU'!Irgy 
of Aluminium and Aluminium AUoys, pp. 483 and 490, indicate that the annual 
capacity of the foundries of the Aluminum Company remained at 30,000,000 pounds 
between" 1921 and 1924, while the capacity of other aluminum foundries increased 
from 60,000,000 pounds to 120,000,000 pounds. Neither the basis for these 
estimates nor the meaning of annual capacity is explained. Moreover, it is not alto
gether clear that the figures represent capacity for sand castings only. 
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sidiaries at a lower price than it charged the outsiders. As a mat
ter of fact, the company did not transfer title to the metal to its 
subsidiaries at all. The United States Aluminum Company, which 
operated the foundries, charged its parent concern a toll which was 
supposed to include the operating and overhead costs of making 
castings. After deducting these items, and the value of the virgin 
metal used, from the sales invoice of the Aluminum Company the 
profit went to the subsidiary also; but the parent company re
tained title to the castings until they were sold.41 To this legal ar
rangement the charge just mentioned did not, of course, apply!2 
However, the charge of selling castings below the cost of manu
facture enabled examination of the whole matter." 

To deal with this satisfactorily something must be said of the 
standards for measuring less-than-cost selling at one stage of an 
integrated firm which has a monopoly at lower stages. Unless the 
costs of the integrated concern are calculated in such a way as to 
ensure economic competition between its own plants and inde
pendent one-stage firms, the proscription of unfair methods of 
price making will be meaningless. In determining the cost of 
production of castings made by the Aluminum Company it must 
be decided how to figure the cost of its virgin ingot and its own 
scrap. It has already been suggested that the company arranges 
its price schedule so that the largest earnings come at the ingot 
stage." Should the cost of virgin used in making castings be based 
on the market price, which may often include high profits, or 
should its virgin go in at a figure which represents normal profits 
at the ingot stage? This question was not discussed in the case at 
hand. It may appear that the latter basis should be chosen, upon 
the ground that the total price policy of the monopoly limits the 
expansion of independent foundries, and also of the company's 
foundries, and of other finishing plants. Presumably a lower ingot 
price would permit larger sales of all aluminum products except 

• Commission Exhibit 657. 
• Transfer of title was superseded by the present arrangement sometime after 

the Rolling Mill Case. See above, p. 373· 
• It is obvious that the transfer of title is of legal importance only. Whatever 

legal arrangements govern ownership of the product and participation in expenses 
and profits, the economic problem, whether costs are fully covered, is essentially the 
same . 

.. Above, p. 223. 
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those produced only by the Aluminum Company. However, as 
has been shown, it is unlikely that the company could charge a 
different ingot price to founders than to other consumers, or that it 
would fix its ingot price with reference to the castings demand 
only. Hence it may be concluded that, in all probability, the 
company does npt ordinarily use its price for ingot as a tactical 
weapon in the competitive struggle in the castings industry. The 
desirability of allowing restriction of output of all aluminum prod
ucts through a high price of ingot is a different question from that 
of competitive methods at a given stage of the industry. If the 
priCe policy of the company is permitted to include a high charge 
for ingot! this type of price pattern must be accepted in evaluating 
tests for distinguishing methods of price making in the finishing 
stages which would prevent true measurement of the relative effec
tiveness of the independents and the company. According to the 
criteria used here, economic or fair competition in the stages above 
ingot requires that the company be compelled to make the· same 
profit upon the ingot used in its own finishing operations as on that 
sold outside.45 Otherwise, to the extent that its competitors use 
v~rgin, their investment and earnings may be changed by the Alu
minum Company at will, simply by pricing castings so as to earn 
less than the sum of the protit accruing on ingot and the ordinary 
competitive profit at the castings stage. Hence the calculation of 
the company's cost of producing castings should include virgin 
ingot "at the market." Scrap from the plants of the Aluminum 
Company which is used in making castings should also go in at 
the price for wbich it could be sold .in the market. Or the remelt 
ingot made from the scrap should be reckoned .at the price which 
the scrap would command phis the cost of converting it into remelt 
ingot:'6 

.. The company's attorneys took the following position: "Respondent does not 
concede that if it so desired it could not use pig at cost, for there is certainly no re
quirement ~f any kind that we have been able to discover that compels this 
respondent to make a profit on every stage of its manufacturing operations" (Re
spondent's brief, p. uS). 

,. In .general, the value of the company's own scrap used in making castings is, 
of COUt51l. the same as that of similar scrap actually sold in the market. Were the 
company to sell and buy back those amounts of the different kinds of its own 
scrap which it uses in the operations, the market prices of these types of scrap 
would remain unchanged. This is subject to various qualifications, none of which 
seem important for the issues at hand. The wording of the complaint and the argu-
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The general presumption in favor of efficiency would call for 
recognition, when calculating cost, of any gains from integrating 
the production of virgin ingot and castings. However, if these 
advantages were slight compared to the social benefits to be ex
pected from competition in the castings industry, they should be 
neglected in reckoning the minimum justifiable price. While no 
conclusive evidence on this point is obtainable, it would appear 
that efficiency is not markedly altered by integration of the manu
facture of virgin ingot and castings.4T 

It appears that in many instances the foundries of the Alu
minum Company used virgin pig aluminum instead of ingot when 
making low-grade castings. Pig is the first product of the reduc
tion cell and contains impurities of bath material which are elim
inated by remelting before the aluminum is run into ingot for sale. 
The company valued its pig at one cent below ingot, a difference 
which was supposed to represent the cost of turning it into ingot. 
Pig was used in making sand castings only at the most efficient 
of the company's foundries. When so used the metal cost was fig
ured at one cent per pound below the price of ingot. It appeared 
that the company had never sold any pig to the outside market. 
Its representatives testified that the independent founders would 
not be able to make castings of good quality out of pig. It is not 
clear whether this "saving" of one cent per pound (it would ac
tually be a little less than one cent, because the foundry costs 
would be slightly higher with pig) represents a real advantage of 
integration. Some of the independent foundries appear to be 
large and efficiently run. It would seem that they might acquire 
the knowledge, experience, and equipment to use pig successfully. 
If they could not, the economic penalties would soon make them 
aware of the fact that they should use ingot. It is true, of course, 
that the penalties might fall partially on other makers of castings. 

ment of the brief show that the Commission took the position that virgin should be 
"costed" at the market price. The company'. procedure will be exp1ained in a 
moment. The question of bow to figure the cost of the company's own scrap was 
not raised. 

• In so fBI' as this II so it would follow that the value of own scrap coming from 
departments other than the foundries should be reckoned at the price at which it 
could be bought rather than the price at which it could be sold. For luge amounts 
of scrap of known origin, such as that of the Aluminum Company, the difference 
between these two prices would doubtless be very small. 
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In so far as the use of pig by founders in general was nearly 
certain to result in poor castings, with resultant damage to the 
reputation of aluminum castings in many uses,. the Aluminum 
Company would be quite justified in refusing to sell pig. But it 
seems doubtful that the better independent founders could not 
use pig satisfa<;torily; and purchasers of castings could specify the 
use of ingot whenever they cared to. The competitive advantage 
to the Aluminum Company of using pig instead of ingot on a 
million-pound order for which the mix included 30 per cent virgin 
W,ould am,ount to nearly $3,000. 

Specific instances ,of alleged sales below cost are now to be 
c,onsidered. Fr,om July I, 1922, through the year 1924 the Alu
minum C,ompany filled 24,097 ,orders f,or sand castings, resulting 
in a t,otal sale ,of ab,out 24,900,000 P,ounds ,of metal in this form. 
C,ounsel for the C,ommissi,on selected five cases in which there 
seemed reason t,o believe that the Aluminum C,ompany had bid or 
sold bel,ow cost. In tW,o instances the Aluminum C,ompany secured 
n,o ,order. Of the remaining three, two were argued to be instances 
of sales bel,ow C,ost. T,ogether these two contracts, made in the 
fall of 1922, resulted in twenty-f,our ,orders f,or a t,otal sale of 
2,520,000 P,ounds of castings t,o the Huds,on and Chandler com
panies.48 It is evident that the att,orneys singled ,out f,or atten
ti,on a few of the large c,ontracts. No ,others were .specifically 
menti,oned, which seems t,o indicate that questi,onable bids and 
sales were n,ot general practice ,of the company. It cann,ot be 
c,oncluded, h,owever, that these three c,ontracts were necessarily 
the ,only ones which presented any issue ,of sales below C,ost. C,on
siderati,ons of time required for the acquisition ,of knowledge 
about casting techn,oI,ogy and f,or careful analysis ,of the c,ompli
cated issues c,oncerning .the C,osts of "mixes" c,omposed ,of varied 
c,ontent would have prevented examinati,on of m,ore than a few 
cases.. Alsq, we are again c,onfr,onted by the sort of imponderables 
whichhanipered the inquiries in other matters - reluctance t,o 
,testifyaildthe very evident inability of ~e independents to be 

.. rhe third contract resulted in a sale of 880,000 pounds of castings to the Buick 
Corttplmy, which had apparently made its requirements in its own foundry since 
1915. Testimony suggested that the Buick Company found that it could buy cast
ings from the Aluminum Company in 1924 more cheaply than they could be pro
duced in its own foundry. Little evidence was taken upon this matter, and its 
meaning is not clear. 
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certain whether the Aluminum Company was selling below cost 
or not. 

Turning to the contracts with the Hudson Motor Company 
and the Chandler Motor Car Company, which counsel for the 
Commission considered were gained by sales below cost, one is 
confronted by complicated evidence which does not result in defi
nite proof that unfair pricing was, or was not, employed. The 
record of testimony presented the cost estimates used by the Alu
minum Company as a basis for the bids which secured these con
tracts. The estimates were composed of two items: (I) metal 
cost, and (2) conversion cost plus general expenses and profit. 
Metal cost was divided into detailed expense items of the pro
posed metal mixes - e.g., 30 per cent virgin pig, 20 per cent bor
ings ingot, and so on. Virgin was "costed" at the company's 
sale price of 98-99 ingot less one cent, inasmuch as pig was used 
directly. It appears that the company did not have in its posses
sion at the time of bidding nearly enough scrap to make up the 
mixes it proposed to use in the castingS.49 Hence the real question 
with respect to the other metal costs would seem to be whether 
the figures employed in the bids represented a reasonable esti
mate of the prices at which the company could buy the necessary 
scrap at that time, or in the future as it made up the castings 
which were to be delivered over a period of months. The prices 
at which the company actually bought during the months imme
diately following October and November 1922, when the bids 
were submitted, might suggest that some of the estimates, at 
least, were too low to represent reasonable errors in judgment of 
the scrap market.1IO Some testimony implied that the bids of com
petitors reflected the rising market more than those of the Alu
minum Company. The item of borings ingot was included in the 
proposed mix for the Hudson bid at 13.5 cents per pound, while 
borings ingot was figured in the Chandler bid at 194 cents. 
Although both bids were calculated at about the same time no sat
isfactory explanation of this discrepancy was given. Internal cor
respondence of the company seems to show that the higher figure 
was considered to represent the real cost at that time.G1 A differ-

• See Commission brief, a:ceptioDS to examiner's findings, pp. 26 II.; Respondent's 
brief, p. 117; and Commission Exhibit 856. 

• See refermas in preceding footnote. 
• Commission Exhibits 656, 657, 658. The discrepancy is hardly to be a:plained 
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ence of only 5 cents a pound on the borings ingot, which consti
tuted 20 per cent of the mix in this instance, would mean a differ
ence of one cent on a pound of castings.52 

The Chandler contract was obtained at a figure of 27 cents a 
pound. In a letter discussing this sale, a district manager wrote 
to the sales manager, "At the outset let me say to you that I 
simply cannot justify this price in cold figures." The cost e!;timate 
which the district manager had prepared came to 27.6 cents a 
pound, and this included 40 per cent of ingots from skimmings 
and dross at I2 cents a pound. Of the latter figure he said, "This 
price is quite arbitrary and agreed upon for "this particular job by 
telephone conversation with you." 53 The ingot from dross and 
skimmings was evidently the company's own scrap and should 
have been figured at the market price of such scrap plus the cost 
of making it into remelt ingot. Unless the latter expense were 
very much less at the foundries of the Aluminum Company than 
at those of other large producers of remelt ingot there should not 
be any marked divergence between the cost of such ingot to the 
company (reckoned as above) and the market price of equivalent 
remelt ingot. In this case the price of I2 cents appears to have 
been at least 4 cents less than the market value of that sort of 
ingot, a difference equal to about 1.5 cents per pound of castings. 
As has already been remarked, there is some reason to believe that 
the other estimates of metal cost were somewhat 10w.54 

by any change in the market price of this kind of scrap, for the bids were evidently 
made within a few days of each other . 

.. It was testified that this Hudson bid resulted in depriving the Bohn foundry 
of business which it had enjoyed fairly regularly. The evidence is not, however, 
conclusive. Testimony concerning the relative figures of the bids submitted by the 
Bohn Company and the Aluminum Company was conflicting. Other foundries ob
tained a part of the total Hudson contracts closed at the time, partly, at least, 
because the Hudson Company desired to divide the business between several sources • 

.. Commission Exhibit 656 . 

.. Furthermore, it seemed probable to counsel for the Commission that, after 
employing scrap priCes as a basis for bidding on the Chandler contract, the scrap 
.was largely replaced by virgin pig in the actual mix from which the castings were 
made. (See Commission brief, pp. 82 If.) With the strong demand for ingot from 
many markets it does not seem likely that this would have been done unless the 
cost of ingots made from purchased scrap became greater than the value of virgin 
pig. At the time of the bid (October 1922) the latter exceeded the cost of the 
secondary ingots (from purchased scrap) specified in the estimate by one-half cent 
to one cent. During the period within which the orders were filled the price of 98-99 
primary ingot (and so the value of virgin pig) rose 4 cents. Hence, if the company 
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While the evidence is not altogether conclusive, it would appear 
that in the case of the Hudson and Chandler bids the estimates 
of that part of marginal cost made up of metal expense were too 
low to cover adequately the required expenditure. This does not 
necessarily mean, however, that the total cost figures were below 
true marginal costs in either case. The Commission's attorneys 
did not examine the make-up of the second expense item for which 
figures were obtained, conversion cost (labor and foundry over
head) plus general expenses and profit. Evidently they had in 
mind a sort of average cost concept. With this conception of cost, 
demonstration that the estimates of metal cost were too low would 
be sufficient in itself to show sales below cost.55 Prices below 
average full cost would have been justified, however, if marginal 
cost were below average cost because some capacity was unused. 
Since the lump-sum item for labor, foundry overhead, general 
expenses, and profit was not broken down we have no way of com
puting how much or how little of this item would be properly reck
oned as a part of marginal cost. Consequently it is impossible to 
know whether the Aluminum Company was practicing uneconomic 
pricing of castings or was simply selling below average full cost, 
but not below marginal cost, in order to use capacity which would· 
have remained idle at higher prices. 

In addition to the lack of adequate data for computing mar
ginal cost there is an absence of other sorts of data which might 
have been illuminating. Statistics of the changes in capacity, out-

did replace lCI'ap with virgin In making castings, one would infer that the price 
of scrap rose more thaD 4 cents. In that event, unless the estimates of cost of sec
ondary ingot were stupidly made without regard for the prevailing scarcity condi
tion, it would appear that they were purposely set low. If the company had hought 
enough scrap shortly after the bids this would not folIow. The evidence appearS to 
Indicate that, as • matter of fact, it did not, during J922, purchase sufficient scrap 
borings to use In li1ling the Hudson aDd Chandler contracts alone, to say nothing 
of other contracts. 

Additional evidence upon the question of low estimates of metal cost concerns 
the marked differentials between the estimates by the company of the cost of 
different types of secondary ingot. It seems probable that some of these remelted 
ingots, though made from different materials, were essentia1Iy the same In chemical 
analysis and utility, and would bave sold for about the same price In the market. 
To the extent that this was true, the differing cost estimates would have been 
justified only if the compaDY were able to pick up bargains In scrap. It is doubt
ful if IUch large amounts of scrap could have been obtained at bargain prices. 

• U nIaI there were reason to thInIr. that the overhead aDd profit items were too 
large. 
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put, sales, and earnings of the chief foundry companies would 
have afforded a general picture of the relations between invest
ment, price, and demand, as well as providing a check upon cost 
calculations.56 The extensive testimony in this case gave no indi
cation that the castings industry as a whole possessed overcapacity 
in the years 1922-1924, which may, perhaps, be interpreted to 
mean that excess capacity was not in any case substantial. The 
vague sketch given of the condition of Aluminum Manufactures in 
the years prior to the lease suggests, however, that this corpora
tion possessed foundry capacity exceeding the demands of the 
period of good business before the depression of 19211 One might 
infer that to become fully utilized in 1922 and 1923 these foundries 
needed a larger proportion of the total sales of castings than they 
had previously enjoyed. 

TABLE 35 

SALEs OF ALUMINUM CASTINGS BY THE ALUMINUM COMPANY OF AMERICA 

AND Two INDEPENDENTS IN CERTAIN YEARS 

(Thousands of Pounds) 

General Total for Aluminum 
C.B.Bohn Aluminum the Two Company 

Year Foundry Co. & Brass Companies of America 

1920 ........ 6,265 2,43 2 8,697 
1921 ........ 4,433 2,355 6,788' 
1922 ........ 7,752 4,182 II,934 4,310 (last half) 
1923 ........ 5,381 5,752 II,133 10,886 
1924, ....... 7.999 3,98? II,984 9,696 
1925 ........ ~ 17,214 , 7,275 (first half) 

, . 
In the fall of 1924 the' General Aluminum and Brass Company was 

merged with the C. B. Bohn Foundry Company to form the Bohn Aluminum 
and Brass Corporation. The figure shown for the' C. B. Bohn Foundry Com
pany for 1924 includes the sales of the consolidated company during Novem
ber and December of that year. Hence the figure for General Aluminum and 
Brass for 1924 covers the first ten months only. The figures for the Alu
minum Company cover the last six months only of 1922 and the first six 
months only of 1925. The figures of the table appear on pp. II93 and II94 
of the Record and in Commission Exhibit 731. 

"It is, of course, doubtful whether the Commission possesses legal authority to 
obtain ,such data from firms which are not charged with the violation of law. This 
simply '!Deans that the present law is inadequate for effective government control 
of business practices. 
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The accompanying tables present certain data collected by the 

Commission. Table 3S shows the weights of sand castings sold in 
certain years by the Aluminum Company, the Bohn firm, and a 
concern absorbed by Bohn in 1924. Officers of the Bohn company 
were outright in asserting that their business had been harmed by 
the sales practices of the Aluminum Company. 

It is plain that the sales of the Bohn Foundry Company suffered. 
appreciably in 1923, which was a much better business year in 
the aluminum industry (as in general), according to the testimony 
and exhibits, than either 1922 or 1924. Furthermore, the dollar 
value of the sales of aluminum castings by the Bohn Company 
dropped from 71 per cent of the value of its brass and bronze 
business in both 192I and 1922 to S8 per cent in 1923, rising 
again to 82 per cent in 1924.11 

The earnings record of the sand-castings department of the Alu
minum Company during the period in question appears in the 
following table. Unless the large increase in gross profits of the 

TABLE 36 

E.uNINGS o.r THE ALUJoIINVM COMPANY OF AMERICA ON SAND CASTINGS * 
Administrative 

Weight of Expenses and Gross 
Castings Sold Loss on Profit 

(TlsotlS/J1Ids Gross Returned Net per 
Year 0/ POU1Ids) Profit Goods Profit Pound 

1922 
July-Dec. 4.310 $9.041 $56.452 $47.4IIt $0.002 

1923 
Jan.-Dec. 10.886 169.509 139.130 30.378 0.016 

1924 
Jan.-Dec. 9.696 433.951 139.746 294.205 0·045 

1925 
Jan.-June 7.275 375.408 64.523 310.884 0.052 

Total .......... 32•167 $987.910 $399.853 $588.057 

* Both gross and net profits are calculated with virgin aluminum at the 
company's list price. All the figures except those of gross profit per pound 
are given in Commission Exhibit 731. 

t Deficit . 

.. Record, p. 1195. 
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Aluminum Company in 1924 was to be explained by savings in 
operating expenses it was symptomatic of much higher prices than 
those of the preceding years. Since the earnings record of the 
Bohn Company for separate years was not given, nothing can be 
inferred about its prices. 

While it w01lld appear that the Aluminum Company promoted 
its sand-castings business in 1922 and 1923 (perhaps at the par
tial expense of the Bohn foundry) through lower prices than it 
charged in subsequent years, it is manifest that the information 
in these tables does not show whether or not prices were set below 
marginal cost. Testimony of a large number of witnesses, among 
whom were competitors, customers, and writers for metal-trade 
journals, was largely to the effect that independent foundries had 
not been harmed by the Aluminum Company during the years 
covered by the inquiry, and that the competitive methods of the 
company had been fair. How much reliance to place in this testi
mony cannot be known, for reasons already explained. An investi
gator of the legal division of the Trade Commission, who made·an 
inquiry before the issuance of the formal complaint, has stated 
that "complaints regarding treatment being received from the 
Aluminum Company were quite general- not universal, how
ever." 58 Conclusions by competitors, purchasers, or trade-journal 
writers that fair or unfair methods have been used are of ques
tionable worth. It is doubtful if many of these persons under
stand sufficiently the real issues or correct tests, or possess enough 
relevant information to form valuable opinions. 

s. SUMMARY 

A study o.f the testimony, exhibits, and briefs treating the 
policies of the Aluminum Company in purchases of scrap and 
the sale of sand castings yields disappointing results. Some of the 
charges were shown to have no foundation; but several of the 
more important issues are not resolved by the evidence. This 
unfortunate outcome must be partially ascribed to the failure of 
the Commission to frame the issues correctly and to obtain the 

.. Senate Committee on Judiciary Hearings. p. 414. The statement probably re
ferred to all sorts of complaints from all dasses of aluminum consumers, competi
tors or otberwise. 
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right sort of data. No doubt the Commission's work was also 
hampered somewhat by a reluctance to testify, at a time when 
conditions were much better from the standpoint of the inde
pendents, upon matters which were past history. 

It seems certain that one chief purpose of the scrap purchases 
was to add to the company's scarce supply of virgin a substantial 
amount of secondary metal; but it is not 'certain that a progr~ 
appropriate to this end was not exaggerated somewhat with the 
object of helping to restore the earning power and former dominant 
position of the failing foundries by hindering competitors from 
obtaining adequate supplies of materials, or weakening their finan
cial condition, or creating uncertainty about the future movement 
of the scrap-virgin differential. Little evidence appeared on these 
questions, upon which attention was not directly and clearly fo
cused. It may be inferred that these consequences would have 
been brought to the attention of the Commission had they existed 
in large Dumbers or with manifestly dire results in individual m
stances. Nevertheless, the situation represented such a compli
cated concatenation of elements that individual founders could 
hardly have assessed correctly the significance of the limited facts 
within their range of knowledge. No evidence of a general and 
continuing policy of sales below cost .was presented. It would 
appear that the Aluminum Company obtained two large contracts 
at prices below average full cost. But it cannot be determined 
whether these prices covered marginal costs, which represented 
the significant test for distinguishing unfair pricing. Unquestion
ably the evidence which appeared in this case afforded no basis 
for anything but dismissal of the complaint charging unfair meth~ 
ods in connection with scrap purchases and the sale of sand cast
ings. 



CHAPTER :xx 
THE EFFECTIVENESS OF GOVERNMENT CONTROL 

I. THE NRA CODE 

BEFORE summarizing the results of government activities concerned 
with the aluminum industry a brief description should be given of 
the fair-practice provisions of proposed codes submitted to the 
National Recovery Administration and of the code which was 
approved. Although these fair-practice clauses bore little relation 
to the avowed objects of the National Industrial Recovery Act, 
they are interesting in connection with the problems raised in this 
section of the book. In the summer of 1933 a code for all stages 
of the industry from ore through finished products was submitted 
by the newly organized Association (If Manufacturers in the Alu
minum Industry, whose membership represented over 95 per cent 
of the known producers of virgin aluminum and its products in 
this country and about 97 per cent of the volume of production.1 

After some revision this code was finally approved on June 26, 
1934. In the form originally submitted it contained a provision 
that if any member of any branch of the industry so requested, 
the code for that branch should provide that an integrated firm 
must conduct its business iIi such a way that the total profit 
or loss resulting from the production and sale of ~y given article 
would be "equitably distributed . between the several branches 
of th~. industry employed in producing said product," and that 
no branch would obtain "excessive or dispropOl;tionate gain or 
profit therefrom to the exclusion of any other· branch so em
ployed." 2; This measure was evidently regarded as ineffective 
by a smail group of independent fabricators who submitted a pro
posed- code for the aluminum-fabricating industry which was 
defined to mean the manufacture and sale of semifinished goods 

1 NRA Code of Fair Competition for the Aluminum Industry, p. lIS. (This pam
phlet is paged II3-I29.) 

• NRA Code of Fair Competition for the Aluminum Industry, as submitted on 
August ~8. I933. by the Association of Manufacturers in the Aluminum Industry. 
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made from aluminum and its alloys.8 Their proposal included the 
following provision: 

No member of the industry shall, in the ordinary course of business, sell 
any product fabricated by him from aluminum for less than the sum of the 
market value of the aluminum used in the fabricating process and the cost of 
such process.f 

Sales at prices below such an amount, occasioned by extraordinary 
conditions, were to be reported to the supervisory agency. Whereas 
the code proposed by the Association designated as administrative 
authority the Association or such agency as it selected, this group 
of fabricators contemplated a supervisory agency consisting of a 
person appointed by the administrator of the NIRA. Their code 
also provided for the collection of detailed statistics of basic in
formation. 

The Aluminum Company declined to accept the fair-practice 
clause submitted by these independents, or any other which would 
restrain sale of fabricated or semifabricated articles at prices below 
the sums of the ingot prices and the costs of conversion. Three 
reasons were advanced to show that such a provision would be 
unfair to the company.1I It would impede the development of new 
markets through low prices, hamper the competition of aluminum 
with other materials, and obstruct price reductions for the purpose 
of disposal of accumulating stocks during depression. 

Doubtless the term "cost" as used in the clause proposed by 
these independents meant average full cost. Insistence that average 
cost, including all overhead, be covered by price when demand is 
slack during depression would be likely to operate against the in~ 
terest of the economy as a whole. A code designed to promote the 
public interest would require all firms to reduce prices to marginal 
direct cost in order to ensure the best possible utilization of facili
ties and avoid diminishing the number of employed. Such a code 
would include a provision that the market price of ingot must be 
equal to marginal cost and a clause such as the one under discus
sion in which the term "cost" would signify marginal direct cost. 
The fair practice provision (Article IX) of the code for the alu-

• Apparently the members of this group had not joined the Association (HR, 
'tusim).· • 

• NlU CDde D/ Fa;, ComletiUofl/or ,he Aluminum Fabricating Industry, as sub-
mitted on August 29, 1933. • BMTC appellant v. ACOA, fols. 5195 fl. 
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minum industry which was finally adopted and approved by the 
NRA read as follows: 

No member of the Aluminum Industry who produces aluminum ingot from 
virgin aluminum alone or from virgin aluminum in combination with scrap 
which has not left his possession shall discriminate under like conditions in 
the prices charged for such ingot (whether charged to himself in case of 
fabrication prior to sale, or charged to others, in case of sale for fabrication) 
either between himself and controlled companies on the one hand and other 
purchasers on the other hand; or between such other purchasers. Such ingot 
to the extent it is available shall be sold to anyone whose credit warrants. 
Provided, that nothing herein contained shall be construed to prohibit such 
member from meeting prices quoted for imported aluminum in any specific 
instance which shall be reported to the Secretary of the Code Authority within 
ten (IO) days after a sale or quotation by such member at such a price, 
together with a statement that such price was made for the purpose of 
meeting such competition. Provided, further, that nothing in this Article shall 
impose any liability on such member by reason of quotations or sales made 
without intent to discriminate or made to meet foreign prices believed in 
good faith to have been quoted. 

Article IX also stipulated that these provisions were not to be 
evaded by any subterfuge, and provided for a study of their opera
tion by the code authority. It is plain that the phrases "under 
like conditions" and "charged to himself" would require exact 
definition before the economic efficacy of the provisions of Article 
IX could be determined. It will be noted that the measure adopted 
did n9t deal with the problem of differentials between the prices 
of ingot and fabricated goods, although both the original code pro
posed by the Association and the one submitted by the independent 
. fabricators had treated this matter. The approved code provided 
for administration by a code authority elected by the members of 
the several branches of the industry. It included no provisions for 
filing of prices or collection of detailed statistic~ of basic eco
nomic data'.' 

Before this code was finally approved, a code. for the cooking
utensil,branch was proposed.8 This contained a clause stipulating 

• NRA Proposed Supplemental Code of Fair Competition for the Aluminum 
Cooking Utensils Manufacturing Industry. For code purposes the aluminum 
cooking-utensil industry was regarded not as a part of the aluminum industry but 
as a subdivision of the fabricated metal products manufacturing and metal-finish
ing and metal-coating industry. A code for the secondary aluminum industry was 
approved earlier. Its provisions are of no interest in connection with the problems 
discussed here. 
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that any utensil manufacturer who also produced aluminum ingot 
or sheet must keep separate books of account for each branch and 
use as its aluminum-sheet or ingot costs in the utensil division the 
open-market prices of such products. In parenthesis it was re
marked that the substance of this measure was a part of the con
sent decree of 1912, and two clauses were reprinted from that 
decree. Apparently this proposed code never became law. 

The general aluminum code met with such strong objection 
from some independent fabricators that it was approved for a tri&l 
period only, during which an investigation of the practices of the 
industry was made by the research and planning division of the 
NRA. A report embodying the results of this study was submitted 
about the end of 1934 and made public a few months later.' From 
time to time the code was extended without alteration - except for 
the removal of Article IX as explained below - until it died with 
the Recovery Act. In the course of the investigation all known 
members of the industry were invited to submit complaints regard
ing the scope and operation of the code. No complaints were re
ceived indicating that the code had occasioned any increased 
inequity between the members of the industry. It appeared that 
there had been a tendency toward lower and more uniform prices 
charged for virgin ingot to competing fabricators. It was stated 
that the different groups represented on the code authority had 
expressed a general feeling that benefits were being obtained from 
the existing code. Members of the code authority had no sug
gestions for additions to the fair practice provisions. The code 
authority had made no interpretation of the meaning of Article IX, 
with the result that interpretation of the ambiguous phrases re
lating to ingot prices was left entirely to the Aluminum Company. 
It appeared that in accordance with its interpretation of no dis
crimination in prices charged "under like conditions" the company 
was charging different prices to separate groups of buyers, classi
fied according to the degree of competition of substitute materials. 

The only complaints received by the research and planning divi
sion came from three firms which had made the same objections at 
the original hearings. Two of these were engaged in private Iiti-

'This is the report which has been cited earlier under the name of Leon Hen
denon, director of the raearc:h and planning division. The following information 
bu been taken from this report, acept u otherwise 110ted. 
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gation with the Aluminum Company involving the issues raised 
by their complaints to the NRA. These complaints were sum
marized as follows. 

(a) An artificial price of aluminum maintained above cost of production by 
monopoly control and world agreements. 

(b) Domination.of the Association of Manufacturers in the Aluminum In
dustry by the Aluminum Company. 

(c) Sale of products by the Aluminum Company at prices less than the sum 
of the market value of the metal contained and the costs of fabrication. 

The first complaint concerned matters which were for the most 
part outside the scope of the code. The, research and planning 
division concluded that the membership of the Association of 
Manufacturers in the Aluminum Industry and the membership 
of the code authority included too many diverse interests for dom
ination by a single firm. in connection with the third point the 
complaining firms reiterated their original proposal for a pro
vision prohibiting the sale of any fabricated article at a price less 
than the market value of the metal used, plus a reasonable allow
ance for cost of fabrication. While the report of the research and 
planning division fully recognized the importance of the problem 
of differentials, no change was made in the code to further its solu
tion. The report advocated as a minimum an exact interpretation 
of Article IX and the reporting to the NRA of the pric~s at which 
virgin ingot was sold to others -.and the ingot charges set up by 
the integrated producer in each of jts own fabricating branches. It 
would appear that the report also favored the filing of list prices 
which would be made public. . .. . 

It is said that during the early months of 1935 attempts were 
made by the National Industrial Relations Board to modify Article 
IX of the code'.in such a way as to increase the protection for small 
enterprises:8 Atnendments desigDed to accomplish that aim were 
apparently rejected as unsatisfactory by a majority of the mem
bers of the industry. On March 25 Article IX was suspended. It 
was said that the board had reached the conclusion that the code 
had not operated to protect small enterprises from oppression or 
discrimination or helped to effectuate the policy of Title I of the 
NIRA.9 While this conclusion was not necessarily inconsistent 

• Metal and Minerals Market, March 28, 1935. p. 3. "Ibid. 
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with the findings of the research and planning division, the reasons 
for the suspension of Article IX have not been made clear. 

2. RESULTS OF ATTEMPTS AT GoVERNMENT SUPERVISION 

It is questionable whether the net results of the activities of 
government agencies concerned with the relations of the integrated 
firm and the single-stage independents have been very beneficial 
to consumers, to independent enterprise, or to the Aluminum Com
pany. In spite of continuous investigation the chief problems con
cerned with relations between an integrated firm possessed of 
substantial monopoly power at earlier stages and its competitors at 
later stages cannot be said to have been settled satisfactorily. This 
is due in considerable measure to the failure of government agen
cies to perceive the true issues and in part to their lack of adequate 
legal authority. The consent decree of 1912 was not drawn with 
sufficient precision or breadth to establish an effective code. The 
inquiry of the economic division of the Federal Trade Commission, 
pursuant to a Senate resolution calling for an early report upon 
matters covering a wide range, was necessarily superficial. The 
results of the investigation of the Department of Justice, whicIi 
was carried on in an atmosphere charged with political recrimina
tion, left several of the more important questions unanswered. The 
Trade Commission case raised several interesting and rather per
plexing problems, but the issues were not clearly presented, and 
the evidence was insufficient to resolve many of them. 

The unfortunate aspects of the omission of opinions by the 
federal trade commissioners explaining their orders and dismissals 
are well demonstrated in a case such as this, involving a large 
corporation whose monopoly power was frequently alleged to have 
been strengthened by political favors, and upon the rectitude and 
economic statesmanship of whose officers the success of the com
petitive process in the semicompetitive stages of the industry must 
be in large measure dependent. If the commissioners believed that 
the Aluminum Company, which had for years been the target of 
various charges, was fully vindicated by the evidence, the publica
tion of this opinion and the full reasons therefor was certainly due 
the company. If, on the other hand, the commissioners found the 
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evidence conflicting and the important issues unresolved, some 
assurance that the Commission would keep the industry under 
careful scrutiny should have been afforded the one-stage manu
facturers of semifabricated and fabricated products, who, in ven
turing to compete with the integrated company, make their fortunes 
partially depend upon the judgment, efficiency, policy, and caprice 
of its management. 

It is not apparent that the National Recovery Administration 
contributed in substantial measure to the solution of the problems 
here at issue. Its chief objects, of course, concerned other mat
ters. 

It is difficult to determine the effects of government investiga
tions upon conditions in this industry. Doubtless the constant 
attention of government agencies has forced upon the Aluminum 
Company a certain degree of caution in the formWation of its 
policies; but few if any guiding principles for distinguishing eco
nomic from uneconomic, lawful from unlawful, conduct have been 
afforded the company. It is to be doubted that independent enter
prise has drawn much encouragement from the results of govern
ment investigations. That government agencies have not, in the 
course of their long-continued investigations involving considerable 
expense to the government and to the Aluminum Company, de
veloped a body of economic principles capable of salutary applica
tion to the difficult problems presented by the relations between 
the integrated firm and the single-stage rivals is particularly re
grettable. The difficulties of analysis and of measurement involved 
in these problell¥! are indeed formidable; it is not intended to 
minimize the efforts of those who have struggled with them. The 
disappointing character of the results must be ascribed in im
portant measure to the fact that the investigations and proceed
ings have been carried on for the most part by persons whose 
training,haS been chiefly legal, and to the restricted scope of their 
activities occasioned by existing law. 

3. PRIvATE LITIGATION 

The case of Haskell against the executors of the Duke estate 
and the litigation against the Aluminum Company by the Baush 
Machine Tool Company and the Sheet Aluminum Corporation 
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appear to be the only instances in the history of this industry in 
which private individuals have invoked the provisions of the anti
trust laws for suits to obtain damages for injuries resulting from 
alleged violations of these laws. 

In its suit against the Aluminum Company the Baush firm 
alleged that monopolization of the production and sale of virgin 
aluminum in the United States, as a consequence of the suppres~ 
sion of independent attempts to enter the industry, agreements with 
foreign producers or the exercise of coercive influence upon the 
foreigners, and the fact that control of Aluminium Limited and 
the Aluminum Company rested in the same hands, had resulted 
in artificially high prices in this country for virgin ingot of both 
domestic and foreign origin. Secondly, it was charged that the 
Aluminum Company had attempted to monopolize the production 
and sale of sheet and certain other semifabricated articles made 
from aluminum and its alloys by reducing the differentials be
tween the prices of ingot and the semifabricated products below 
the costs of fabrication and below the spreads required to yield 
profits to an independent mill. The plaintiff alleged that it had 
suffered damage from the conditions in both the markets for alu
minum ingot and for semi fabricated products. The suit was filed 
in the summer of 1931. During the trial, which consumed ten 
weeks in the fall of 1933, about 2,500 printed pages of testimony 
and exhibits were introduced. A verdict for the defendant was 
returned. 

Upon appeal the Circuit Court of Appeals for the Second Cir
cuit reversed the judgment and ordered a new trial, apparently on 
the following grounds.10 Since the plaintiff's claim for damages 
was based upon the allegation of injuries resulting from monop
olization within the meaning of the statute, it should have been 
afforded adequate opportunity to demonstrate such monopoliza
tion. Certain evidence offered, consisting of transactions and con
tracts with domestic and foreign corporations, which purported 
to show monopolization, was erroneously excluded. The charge 
of the trial court restricted the jury too narrowly in their considera
tion of the evidence bearing upon the question of control of imports 
of virgin aluminum. Furthermore 

.. 71 Fed. Rep. (I) Il6 (1934' 
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the instructions to the jury which directed that the jury would have to find 
for the appellee [defendant] if they found no agreement in effect between 
appellee and the foreign producers or between appellee and Aluminium 
Limited to control the price of aluminum or to restrain competition in the 
United States was [sic] erroneous.ll 

The significance of this statement does not seem clear. It appears 
to mean that in order to establish violation of the antitrust laws it 
was not necessary under the circumstances for the plaintiff to 
prove control of importation if it demonstrated unlawful monop
olization of the domestic market for virgin aluminum.12 Finally, 
the trial court had instructed the jury that they must find an agree
ment with the foreign producers or with Aluminium Limited re
sulting in control of the price of ingot in the United States in order 
to consider the question of injury from an inadequate price dif
ferential between ingot and semifabricated products. The Circuit 
Court stated that the jury should be instructed in the second trial 
that the plaintiff might recover damages caused by unfair price 
fixing which rendered impossible profitable operation of the plain
tiff's business, if such price fixing was employed with the purpose 
of monopolizing; and that the plaintiff should be given opportunity 
to show that the price differentials were inadequate to permit it 
to operate without loss. It does not seem entirely clear whether 
this was considered as a separate issue from the question of control 
of the ingot price. The trial court in the second trial apparently 
regarded these as separate issues, as will be explained in a moment. 

The second trial, which took place early in 1935, lasted about 
eight weeks. Inclusion of· additional evidence brought the full 
record to more than 3,200 printed pages. The' judge charged 
the jury that it should findfor.the plaintiff if the evidence estab
lished damage as a result of anyone or more of the following cir
cumstances. (1) Monopolization of the domestic market in virgin 
alumimini by combination or price agreement with foreign im
porters: (2) Monopolization of the·domestic market in virgin alu
minum (subsequent to organization of Aluminium Limited and 
distribution of its shares to stockholders of the Aluminum Com
pany) by combination or agreement with Aluminium Limited that 

11 72 Fed. Rep. (2) 241. 
III The district judge sitting in the second trial evidently adopted the interpreta

tion given in the text. See his charge, BMTC v. ACOA appellant, foIs. 6502 ff. 
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the latter would not compete in the United States. (3) Monopoli
zation of the domestic market in virgin aluminum by the Aluminum 
Company itself or by its subsidiaries. (4) Intentional monopoliza
tion or attempt to monopolize a substantial part of the domestic 
market in aluminum products and alloys by putting into effect 
differentials between the prices of these articles and the prices of 
ingot which were inadequate to enable the plaintiff, if efficient, to 
operate at a profit. 

The jury brought in a verdict awarding $956,300 damages to 
the plaintiff. In accordance with the law this sum was trebled 
to $2,868,900. The sum of $300,000 was assessed against the 
defendant for attorney's fees. 

The appeal of the Aluminum Company from this verdict was 
based to a large extent upon technical questions of procedure, but 
raised two interesting questions concerning interpretation of the 
antitrust laws. While denying that any evidence in the case estab
lished uniformity of prices charged by the Aluminum Company 
and importers, or constancy of price over long periods, or prices 
unreasonably high, the attorneys for the Aluminum Company 
maintained in exceptions to the charge that if such conditions 
should come into existence as a result of independent action by 
each of several sellers there would be no violation of the antitrust 
Jaws.1I In other words, it was contended that oligopolistic policies 
would not infringe the antitrust laws. Secondly, the attorneys for 
the defendant, while insisting that it had made profits at all stages, 
took the position that maintenance by an integrated firm of price 
spreads between different stages which do not cover conversion 
costs is not in itself unlawful.14 

In September 1935 the Circuit Court of Appeals again reversed 
the verdict arrived at in the lower court and directed a retrial.1G 

The chief grounds for reversal seem to have concerned matters of 
procedure. 11 The suit has since been settled out of court. From 

II Ibid., fols. 6578 fl. 
ll/bid., fols. 5692 and 6633 fl. II 79 Fed. Rep. (2) 217 (1935). 
IIIn particular the following. During the second trial plaintiff's attorneys read 

to the judge, In the hearing of the jury, portions of the opinion of the Circuit Court 
on the first appeal In which the court expressed its opinion upon the conclusions 
which might be drawn from certain sorts of evidence. A majority of the court be
lieved that this procedure "bad the effect of a peremptory command to that jury to 
draw the conclusions of fact we had said might be drawn" (p. 224) and hence im
paired impartial assessment of the meaning of the evidence. 
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the standpoint of development of the interpretation of the anti
trust laws it is unfortunate that the courts did not have an oppor
tunity to pass upon the interesting issues mentioned above. 

One more point remains. The archaic character of our present 
laws concerning the problems of monopoly could find no better 
demonstration. than that afforded by the litigation of the Baush 
firm and the Sheet Aluminum Corporation with the Aluminum 
Company. To expect an ordinary jury, untrained in any but the 
simplest elements of economics, to resolve successfully and fairly 
the complicated and perplexing issues raised in cases like these 
calls for either a belief in divine guidance or an exalted faith in the 
salubrious qualities of ordinary common sense.IT Few of the eco
nomic issues can be dealt with by the higher courts. Private liti
gation can contribute but little to the formulation of a satisfactory 
code of principles to govern the relations of the integrated firm 
and the single-stage independents. The enormous expenditures 
of effort in litigation of this sort would have been rendered super
fluous had government agencies built up an efficacious set of prin
ciples. In the course of the Federal Trade Commission case, 
attorneys for the Commission had endeavored to have the com
plaint amended to include charges of unfair pricing in the sale 
of duralumin products. It is particularly regrettable that the 
Commission neglected its function in this instance by. refusing to 
amend the complaint and. make a thorough examination of this 
matter. However, as has been said earlier, it is to be doubted that 
the Commission can with its present organization, practice, and 
legal powers deal satisfactorily with this sort of question. The 
problems involved in this kind of controversy should be submitted 
to a court or commission whose membership comprises persons with 
legal training and persons with economic training, and also, serv
ing in an advisory capacity at least, scientific experts and men of 
business experience who have a broad economic outlook. Such a 
group' might be expected to work oui a body of effective rules and 
apply them with judicious effectiveness. Some of the possibilities 
for creating conditions under which such controversies would not 
be likely to arise will be ~xamined in the concluding section . 

.. This statement is not intended to imply anything at aD as to the respective 
merits of the opposing contentions in these particular cases. 
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4. POSSmILITIES FOR ECONOMIC REFORM 

The question treated in this section is how to secure desirable 
relations between investment, output, price, and demand in the 
various fabricating branches of the aluminum industry. The analy
sis in earlier chapters suggests that the existing antitrust laws are 
not likely to produce in all fabricating branches the sort of com
petition which tends to bring the desirable market relations. This 
objective might be obtainable by establishing conditions under 
which competitive forces would operate with greater effectiveness, 
or alternatively through direct government regulation of invest
ment, price, or earnings in these branches, government competition 
in fabrication, or consumers' cooperation. In each case the appro
priate instrument would depend partly upon the relation between 
the most effective scale of investment and the market demand. In 
any branch in which single-firm monopoly was necessary for 
maximum efficiency consumers' buying cooperatives or direct gov
ernment regulation would be the only measures that might not 
impair efficiency. In any'such instance private oligopoly or govern
ment competition might, however, bring better total results, par
ticularly if they made for greater progressiveness. 

It appears that maximum efficiency in most fabricating branches 
does not require single-firm monopoly. Wherever considerations 
of efficiency dictate few rather than many producers the problem 
differs in accordance with the presence or absence of single-stage 
firms. In a few instances the advantages of integration in produc
tive operations may exclude the latter. The case of oligopoly of 
integrated producers alone in a fabricating branch has, in effect, 
been examined in Chapter XV, where it was concluded that if 
more public control was desirable the competition of an integrated 
government enterprise seemed potentially the best device. 

In several branches it would appear that the presence of single
stage firms alongside one or more integrated companies would not 
diminish efficiency and might tend to bring better market rela
tions as a result of stronger competitive forces. In some instances 
oligopoly would be appropriate for efficiency; in others there could 
be enough sellers to approximate, as far as numbers are concerned, 
the conditions of pure competition. But in either case competitive 
forces are not likely to produce the most desirable results of which 
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they are capable until the problems of supply of materials to single
stage firms and of price differentials are satisfactorily settled. 
Under certain circumstances the most advantageous policies for 
an integrated firm possessing a considerable degree of monopoly 
power in the sale of materials used in fabrication may operate to 
impair the effectiveness of competitive forces in fabricating stages. 
The analysis of the preceding chapters in Part IV has shown some 
of the possibilities; a few moments' reflection will suggest others. 
Changes in the discriminatory price pattern which involve altera
tions in the differentials .between prices of ingot and later products 
may have the effect of weakening independent competitors in some 
branch,es. Shifting allocation of the supplies of ingot or semi
fabricated products may unduly advantage subsidiaries or some 
independents at the expense of others. The same result may be 
produced by discriminatory treatment with respect to price, credit, 
quality, terms of delivery, cooperative technical work, and the like. 
The nature of competition may range from a fairly smooth and 
effective process to one which is halting, hit-and-miss, wasteful, or 
anarchic. There is no guarantee that under most circumstances a 
maximum of private advantage will coincide with a maximum of 
public benefit. We have seen that the attempts at control by gov
ernment agencies acting under the antitrust laws do not seem to 
have advanced the solution of these problems very far. Reliance 
upon competitive forces in private industry t.o bring desirable mar
ket relations wherever that is consistent with a high degree of effi
ciency seems generally superior to other methods of obtaining 
this objective. Accordingly, attention will be given chiefly to al
ternative methods of ~reatin~(conditions such that competitive 
forces will be as effective 'as possible in promoting desirable market 
relations in all branches where single-stage firms operate. 

At this point it may ·be noted that government competition in 
fabricating stages only could not 'deal effectively with the problems 
of supply of materials, of discriinination in quality, credit, or serv
ice"orof inadequate price differentials. That would require gov
ernment competition or regulation at the ingot stage.18 Consumers' 
producing cooperatives which did not 1ntegrate back through the 
makint of ingot would be as 'dependent upon the integrated com':' 

18 Some indirect control at the ingot stage might, of course, occur if the possibil
ity of government competition or regulation at that stage were stronger because of 
the existence of a government producer of fabricated products. 



EFFECTIVENESS OF GOVERNMENT CONTROL 487 

pany as ordinary single-stage fabricators. Opportunity for im
provement in market relations through government competition in 
fabrication alone or through consumers' cooperation in fabrication 
alone would be limited principally to reduction of price differen
tials in any branches in which existence of oligopoly made possible 
unnecessarily high differentials. It is doubtful whether consumers' 
producing cooperatives would be established even in these circum .. 
stances unless there were definite assurance of continuous supplies 
of materials and of maintenance of adequate price differentials. 

One other point should be noted here. In all branches where 
secondary aluminum is used in large measure, the problems of 
availability of materials and of discrimination with respect to price 
of materials, quality, service, and so on, have much less signifi
cance. This is not, however, generally true with regard to the 
problem of price differentials. The price of secondary ingot does 
not change by the same amount whenever the integrated firm 
changes its prices of fabricated goods. It seems to move more 
closely in step with the price of virgin ingot. Hence use of 
secondary ingot does not free fabricators from the possibility of 
varying differentials between prices of materials and prices of 
fabricated goods; the differentials may be altered by the policies 
of the integrated firm. 

An endeavor to establish circumstances favorable to effective 
operation of competitive forces in fabricating branches might 
follow one of two courses: (I) creation of conditions under which 
the extent of government control in these branches could be re
stricted to a small minimum; or (2) formulation and application 
of a rather elaborate code of principles to govern the relations be
tween the integrated firm and the single-stage enterprises. Al
though it might not solve all problems, exclusion of ingot producers 
from later stages would constitute the most effective device for 
creating conditions requiring only a relatively small amount of 
government control. But since it is probable that marked social 
benefits ensue when integrated ingot producers engage in research 
upon new variations and adaptations,19 this solution seems unde
sirable.-

• Cf. Chap. xv. 
• It is possible, however, that if only one integrated firm existed, advantages 

of this IOrt would Dot be large enough to outweigh the ease and lack of cost in
volved in this method of sec:uriDg effective competitioD in all stages above ingot. 
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The existence of several integrated ingot producers might solve 
all problems of the supply of materials to one-stage firms and 
minimize discriminatory treatment of the latter with respect to 
price, quality, credit, and so forth. It is quite possible that the 
several integrated companies would compete to an extent sufficient 
to prevent the maintenance of any inadequate price differentials. 
But there is no certainty, of course, that individual oligopolists 
would act in this way instead of using their monopoly power to 
maintain a discriminatory price structure. 

Removal or appropriate reduction of the import duty on ingot 
could be regarded as complementary to either of the above meas
ures if'it had the effect of increasing the satisfactory sources of 
supply for fabricators. Reduction of the duties on semifabricated 
and finished aluminum' products might contribute to the main
tenance of more effective competition here.21 Tariff policies of this 
sort might also be considered complementary to a code regulating 
relations between integrated and nonintegrated producers, which 
constitutes the other broad alternative for securing effective com
petition. 

From the standpoint of economic considerations alone, the pro
duction and sale of ingot by a government corporation seems to 
offer the greatest promise for maintenance of conditions favorable 
to effective operation of competitive forces in fabricating branches. 
The government corporation could keep the price of ingot low 
enough so that no integrated firm would find it profitable to set 
inadequate price differentials. The possibilty of discriminatory 
treatment of fabricators with. respect to prices, quality, service, 
credit, and so forth could be eliminated in considerable measure 
by the existence of a government corporation. Government com
petition in the sale of ingot could not, it is true, directly prevent 
the narrowing of price differentials with intent to weaken or drive 
out single-stage fabricators; but it would tend indirectly to render 
such. tactics unprofitable in thtdong run. In any such instance 
the detailed information about conditions in the industry which 
the gQvernment corporation wou14 have could be placed at the dis-

.. No data are available to estimate reiative costs of producing aluminum or any 
of its products in Europe and in the United States. We are not concerned here 
with the question whether domestic ingot production or domestic fabrication is 
economically justifiable. 
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posal of government agencies enforcing the general law of unfair 
competitive methods. More important, the government corpora
tion could follow a policy of entering any branch in which such 
tactics were used. Presumably no integrated firm would consider 
it worth while to incur losses for a time merely in order to exchange 
the competition of private one-stage firms for that of the govern
ment enterprise. Although government competition could not di,. 
rectly control inadequate differentials proceeding from nonprofit 
motives, the sums available for policies which were not expected 
to yield good profits would be small if government competition kept 
profits in the industry close to the normal costs of private capital 
and management.22 

We now tum to the other alternative for creating conditions 
favorable to effective operation of competitive elements, the de
velopment of a code of principles to govern the relations between 
integrated and single-stage producers. The scope and provisions 
of such a code would depend somewhat on the number of integrated 
firms producing ingot and later products. The following principles 
~e developed to fit the case of one integrated producer only. With 
several integrated companies the problems might be fewer, but 
also more complicated. 

The chief problems to be treated include conditions of supply 
of virgin ingot and half-products, price discrimination in sales to 
producers of the same article, and price differentials. Unless re
moval or reduction of the ingot tariff would result in making avail
able to American fabricators ample supplies of foreign metal on 
favorable terms, the domestic integrated producer should be ob
ligated to sell metal in any desired form to all comers who satisfy 
reasonable credit requirements.1I Rules against discrimination in 
respect to amounts sold, quality of metal, deliveries, and other 
aspects of service would need to be more incisively formulated 
than those of the consent decree of 1912. They should apply to 
discrimination between independents and between independents 
and competing divisions of the integrated firm or companies in 

-III cases wbere management bolds most of the shares it may, of course, prefer 
to forego lOme part of ordiDary retums iD order to carry out some other desired 
polley. ThIs IOrt of thing could be controlled, if at all, only by an elaborate code. 

- Article IX of the NRA code provided that virgin "ingot to the extent it is 
available shall be IOld to anyone wbose credit warrants." Tbe phrase "to the ex
tent it II available" would require precise definition. 
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which an interest is owned directly or indirectly by the integrated 
firm or any of its officials or leading stockholders. Discriminatory 
treatment of competitors who use different materials, such as uten
sil manufacturers who buy both ingot and sheet, would need to be 
prohibited. The code should provide that differences in the prices 
of materials furnished to competitors (defined as above) must 
not diverge from the actual differences in marginal cost.24 

The problem of price differentials is not easily settled. It is 
clear that the minimum justifiable price for any article made from 
ingot must be the sum of the market price of ingot or semifabri
cated metal, as the case may be, and the marginal cost of conver
sion. (In the following discussion let marginal cost signify the 
sum of these two amounts.) It is also obvious that effective com
petition cannot exist continuously unless on the average the dif
ferential ordinarily covers the full average conversion cost of an 
efficient single-stage company. As long as there is no considerable 
overcapacity with respect to a price including the market value 
of material and the average full cost of conversion, the latter 
will not diverge appreciably in any branch from the marginal 
fabricating costs (as just defined) exclusive of the value of metal 
contained. The use of marginal cost, in general the proper test of 
efficiency, presents a dilemma, however, in that single-stage com
petitors would be weakened or eliminated. without sales below 
marginal cost on the part of the integrated firm if the latter 
kept in existence continuously over a period of years substantial 
overcapacity in any fabricating branch. 

Maximum economical production and consumption would occur, 
of course, only with the sale of ingot at its marginal cost. A re
quirement that marginal cost should constitute a maximum for the 
ingot price is not, however, a necessary part· of a program to 
ensuie ... effective competition in' the fabricating branches. This 
objective calls merely for measures which place'3.J.I competitors 
on a. par with respect to metal cost and maintain adequate differ
entials on the average. 

It does not seem probable that long-run overcapacity in any , 
fabricating branch is unavoidabl~ •. If the collection and publica-

.. If the costs of the integrated firm and its subsidiaries were properly computed 
it would be immaterial whether metal was sold to subsidiaries or furnished on some 
other basis. . 
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tion of basic statistics were required there would be little reason 
to expect that independents would seriously overinvest the indus
try~ The chief problem would appear to be the prevention of 
uneconomic expansion in any fabricating branch by the integrated 
finn. In other words, the independents can probably be relied 
upon not to plan an investment and price policy which is likely 
to involve the sale of goods at prices below their marginal cost 
of increasing output - the market value of metal plus the aver
age full cost of fabrication with the added investment; but, as 
we have seen, the integrated firm may for one reason or another 
find it desirable to do that. If it is permitted to expand invest
ment with the expectancy of receiving something less than the 
full marginal cost of the additional output - that is, any amount 
between that and the marginal direct cost after the additional 
investment has once been made - effective competition cannot 
survive. The use of marginal cost as the test for the minimum 
justifiable price at any given time is inconsistent with the exist
ence of effective competition in the fabricating branches unless 
overcapacity is limited to that which is due only to mistakes in 
estimating future conditions of demand and supply; and unless 
overcapacity, except for severe business depression, is of infre
quent appearance and short duration. In other words, under 
certain circumstances, it is impossible to have effective free com
petition and the maximum economical utilization of capacity at 
all times. 

Several methods of dealing with this problem suggest them
selves. The investment of the integrated firm in the fabricating 
branches could be subjected to government control. Require
ment of government approval for every addition to capacity does 
not, however, seem desirable. Both the burden placed upon gov
ernment administrators and the possibilities of friction between 
government and business would be greater with this provision 
than with others. A different measure would provide that when
ever overcapacity existed in any branch and the investment of the 
integrated firm in that branch had been increased in greater pro
portion than that of the independents as a whole, the integrated 
finn should be required to retire from operation the dispropor
tionate part of its investment immediately. Exemption would be 
appropriate when it could be shown that production with new 
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equipment was markedly superior in efficiency to production 
with older facilities which had been regarded as a part of the 
normal operating capacity. Administration of this provision would 
call for determination of a measure of overcapacity and specifica
tion of the length of the period adopted for comparing the relative 
increase in fa~ilities of the integrated firm and its single-stage 
rivals. These problems, which are difficult but by no means in
superable, would need to be left to the administrative authorities. 
The principles which should form the basis for a measure of over
capacity need no elaboration here. The length of the period 
within which comparison of relative expansion is to be made 
should probably be not less than a year. Clearly the provision 
would not work well if it extended over many years. The only 
general principles which can be laid down are the following. A 
new period should always begin after a condition of equilibrium 
with best utilization of facilities has been in existence for some· 
months. Otherwise the advantages of competition in investment 
would be lost, since either the integrated firm or its rivals could 
later be penalized for disproportionate additions which had re
sulted merely in carrying total investment up to but not beyond 
the ideal amount of capacity~ Secondly, a new period should al
ways begin immediately after the retirement provision had been 
invoked. It is manifest that this measure would produce salutary 
results only if administered with care, economic understanding, 
and fairness. Its real worth should proceed chiefly from its effec
tiveness in preventing the development of a situation in which it 
would become operative. 

Other possible devices to secure effective competition have to do 
with prices. The integrated firm might be prohibited from ever 
charging a price less than the sum of the market price of ingot 
(or material in other form) and the average full cost of fabrica
tion at best utilization of fabricating facilities, which would be 
nearly equivalent to the long-run· marginal cost. While such a 
provision would doubtless tend strongly to restrict the capacity of 
the integrated firm to economical proportions, it is open to serious 
objections .. Rivals who retained price freedom could deprive the 
integrated. firm of much of its· business whenever overcapacity 
existed. Such a prohibition laid upon the integrated company· 
alone might encourage one-stage firms to create overcapacity in 
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order to capture business from the former in the belief that they 
could retain it when price rose again with growing demand and 
the integrated company was able to reenter the market. If the 
provision were made applicable to all competitors it would pre
vent price from falling, as it should, to marginal direct cost at 
times of slack demand. A requirement that the prices of the 
integrated company, or of all fabricators, must never be reduced 
below the sum of the market price of material and the average 
full cost of an efficient outside firm would entail the same sort of 
undesirable consequences. Although prohibitions of this sort put 
in terms of marginal cost would promote better utilization of in
vestment at all times, they would not tend to prevent uneconomic 
expansion unless it was stipulated that, for a specified period fol
lowing the introduction of additional capacity, marginal cost 
must be considered to include the resultant added overhead, ex
cept when demand fell off. Administration of these provisos 
would, of course, be attended by great difficulties in formulating 
and applying standards of quantitative measurement. Prohibi
tion of the sale of any product at any time at a price which failed 
to cover marginal direct cost (including the market price of the 
material) at the time of sale would, however, be desirable on 
various grounds.1I 

A different scheme would require that whenever the integrated 
firm reduced the price of any article made from ingot or half
products it must lower the price of the material by the same 
amount unless any smaller reduction or no reduction at all would 
maintain a differential at least equal to average full cost of con
version. If the differential exceeded average full cost it could be 
narrowed until it equaled that without disturbing the price of 
the material. If it were equal to average full cost any cut in the 
price of the article would require an equivalent drop in the price 
of the material, unless it was wholly or partially offset by a re
duction in the cost of conversion. In the latter case the price of 
the material should be lowered by the difference between the 

• The time of sale mould ordinarily be considered as the time at which the 
order was entered. If it should tum out that this did not work wen the time of 
delivery could be used. The former test would, however, seem to contribute more 
to better utilization of capacity at all times. Exceptions could be made for inven
tories unsalable at such prices owing to changes in style or quality or other abnormal 
circumstances. 
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fall in the price of the article and the decrease in its conversion 
cost.28 

If the integrated firm followed every reduction in the prices of 
fabricated products made by its rivals, such a provision in un
qualified form would allow the single-stage firms to drive the 
integrated company out of fabrication by the simple expedient 
of cutting prices to the point where the latter found it unprofitable 
to compete at all. If the integrated firm did not meet reductions 
in the prices of fabricated goods, and hence did not need to re
duce its prices of ingot and other materials, the outcome would 
be different. With higher prices than its rivals the integrated 
firm would lose much of its business and have much idle fabricat
ing capacity. As long as the others had overcapacity they could 
continue to charge prices lower than those quoted by the inte
grated firm,27 but they would not cover all their costs. If demand 
increased rapidly they would soon emerge with a larger share of 
the business than they had formerly had. But if the condition 
of overcapacity persisted for long, then there might appear the 
curious spectacle of a powerful firm "driving out" the weaker 
by maintaining higher prices! Perhaps fear of losses would ordi
narily prevent fabricating companies from reducing their prices 
below those of the integrated firm, but the temptation to do this 
would be strong. In order to avoid the undesirable consequences, 
the measure requiring the integrated firm to maintain a differen
tial equal to average full cost of conversion should be applied 
only when it had expanded its capacity in any division in greater 
proportion than the independents lisa whole. Differentials cover
ing average full cost .of conversion would then be, maintained 
except when overcapacity eXisted and the fabricators had ex
panded ~ greater proportion than the integrated firm. Periods for 
comparison' of relative expansion could be determined in the way 
discussed above in connection with the provision for retirement 
of capacity. Measurement of average full cost of conversion 

.. Initial application of this measure would need to occur at a time when the 
differentials covered average full cost . 

.. If they did not have overcapacity, the provision that prices must not go be
low marginal cost would prevent them from charging prices below those of the 
integrated firm' except when the latter maintained differentials exceeding average 
full cost of conversion with best utilization (which is equal to marginal cost of con
version). 
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would present difficulties, particularly with respect to the alloca
tion of overhead on account of factors used in more than one 
branch or stage; but it is probable that base figures which were 
sufficiently accurate to give fair and desirable results could be 
obtained for most ordinary products. 

The scheme just discussed really represents an alternative. to 
the expedient of requiring the integrated concern to retire son:te 
equipment whenever overcapacity has developed and it has en
larged its capacity in greater proportion than the independents 
as a whole. This is so because the integrated firm would not lower 
prices by an amount exceeding cost reductions except when over
capacity existed or when it expected to bring in new investment 
in the near future to replace facilities abandoned by others. The 
prohibition of sales below marginal direct cost would in fact 
prevent a policy of cutting prices to remove outside investment 
before the new capacity destined to take its place had been 
introduced. 

A provision to deal with narrowing differentials resulting from 
increase in the prices of materials unaccompanied by a corre
sponding rise in the prices of later products would also be neces
sary to ensure effective competition in several different branches.28 

The integrated firm could be required to raise the prices of 
all products by the same amount whenever it increased the 
prices of their materials. This would not of itself be sufficient in 
cases where consumption was reduced on account of higher prices. 
The integrated firm would also have to restrict its output of these 
fabricated goods enough to permit its rivals to produce at the 
same rate as before. 

A requirement that the integrated firm always charge the 
same price for each fabricated article as its one-stage rivals would 
resemble in some ways the scheme for keeping the integrated 
firm's price differentials equal to its average conversion costs, 
but there are several drawbacks which seem to render it inferior. 
Obvious advantages in simplicity of administration would be off
set partly, at least, by the difficulties inherent in differentiation of 

-If demand became less elastic for the products of some branches the most 
profitable adjustment might be to raise the prices of ingot and of those products by 
the same amount. For other branches where demand for the final products had not 
changed the price differentials would be narrowed. 
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product as between firms. In finished goods, and to some extent 
in semifinished products, there are some differences in design, 
composition, or quality which may be accompanied by differences 
in price. The price for a differentiated product of the integrated 
firm which would be equivalent to the prices of similar articles 
sold by other firms might be very difficult to establish, particularly 
if these latter prices were different. Secondly, this provision would 
prevent the integrated enterprise from lowering price in step with 
its cost reductions unless its rivals had also cut their costs by 
the same amount. Finally, whenever the integrated company had 
created overcapacity in a fabricating branch, although it could 
not narrow the price differential it could increase its selling ex
penditures, with the result of forcing its rivals to do the same or 
to lower their prices. Whichever course they chose, their profits 
might fall below normal. This result would not occur with the 
other scheme, by which the price differentials of the integrated 
firm must cover its own average costs of conversion; because, as 
its selling expenses grew, its average conversion costs would in
crease, necessitating a wider differential. 

With but one integrated firm in the industry a code designed 
to maintain effective competition in all branches of the industry 
succeeding the production of ingot would need to be composed 
of something like the following provisions. 

(I) The integrated firm must supply materials (ingot, sheet, 
etc.) in any form desired to all would-be purchasers who can 
satisfy reasonable credit requirements. 

(2) There must be no discrimination with respect to amounts 
sold, quality of metal, expedition in delivery, or other aspects of 
service as between independent companies or between independ
ents and competing departments of the integrated firm or com
panies .in which an interest is owned directly or indirectly by the 
integrated. firm or any of its officials or leading stockholders. 
This provision must apply where competitors purchase materials 
of different form as well as where they buy metal in the same form. 

(3) No article made frQm ingot or half-products may be sold at 
any time at a price below marginal direct cost, including the 
market price of the material, at the time of the sale. 

(4) Differences in prices of materials furnished to competitors 
must not diverge from the actual differences in marginal cost. 



EFFECTIVENESS OF GOVERNMENT CONTROL 497 

(5) Whenever overcapacity, with respect to a price equal to 
the market price of materials plus the average full cost of con
version of the integrated firm, develops in any branch and the 
capacity of the integrated firm in that branch has been enlarged 
during a certain preceding period in greater proportion than that 
of the independents as a whole, the integrated firm must imme
diately retire from operation the disproportionate increment of 
its investment, unless. it chooses instead to follow the procedure 
laid down in the next paragraph. To the extent that the added in
vestment enables more efficient production than any older facilities 
which have been considered a part of the normal operating ca
pacity of the branch in question the retirement provision need 
not apply. 

(6) Whenever the integrated firm reduces the price of any 
product made from ingot or half-products after it has expanded 
its capacity in that branch during a certain period in greater pro
portion than the single-stage firms as a whole, it must lower the 
price of the material by the same amount, unless any smaller re
duction or no reduction will result in maintaining a differential 
which covers its average full cost of conversion. 

( 7) Whenever the integrated firm raises the price of ingot or 
of any half-product, it must raise the prices of all products made 
from this material by an amount sufficient to keep its differential 
equal to its full average cost of conversion; and it must restrict 
its own sales of the fabricated article enough so that the sales of 
others do not decline.H 

Administration of these measures would require the frequent 
reporting of basic statistics of capacity, output, sales, inventories, 
unfilled orders, costs, and the like. Publication of total or aver
age figures for each branch would be desirable. The code meas
ures already mentioned might be supplemented by a provision 
restricting the sales of the integrated company in any branch to 
a certain proportion of the total. It is to be doubted that any 
material social advantages would be sacrificed if the integrated 
firm were limited to 30 or 40 per cent of the business in many 
branches. Finally, it would be desirable to include in the code a 
general prohibition of all uneconomic methods of competition by 

-No attempt II made here to suggest the actual wording which would make an 
effective code of the IeVeJl provisions. 
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the independents or the integrated firm, in order to permit the 
commission to work out new principles to meet new situations. 

Discussion of the governmental measures which would be re
quired in order to adopt either of these two alternative programs 
for the maintenance of effective competition in fabricating branches 
of the aluminum industry is beyond the scope of this book. Sev
eral of the prihciples explained above could be formulated into 
working rules by the Federal Trade Commission and the courts 
acting under Section.5 of the Federal Trade Commission Act. 
Congressional action would probably be required for others. It is 
questionable whether control of investment of the integrated firm 
could be accomplished without constitutional amendment. 

It is plain that an elaborate code of the sort developed here 
would probably fall far short of achieving its purpose even when 
administered with vigilance and judicious care. The task of mak
ing the measurements necessary for its administration would 
involve perplexing difficulties, and numerous mistakes would be 
inevitable. Administration of such a code might be nearly as diffi
cult as outright regulation of all investment and prices, which 
would seem to be the least desirable of the various alternatives. It 
should be quite as evident, however, that with intricate relation
ships like those inherent in the present organization of the alu
minum industry the application of simple rules provides no real 
assurance that 'desirable market relations will prevail. Where the 
problems are complex the rules must .be complex. The analysis 
of this chapter, which has been confined chiefly to the economic 
aspects of the matter, suggests that in this instance it would be 
better for government to give up its traditional role of rule maker 
and umpire, and enter the game itself. 

Government production of ingot has several adv~tages as com
pared with other methods of achieving desirable market relations 
in the fabricating branches. The problems of availability of ma
teri~. and discrimination in price, quality, or service could be 
made 'very largely to disappear with existence of a government 
corporation producing ingot; and the problems of price differen
tials could be handled with more ease, better knowledge, and 
greater efficacy. Competition between private fabricators could 
then be relied upon to bring desirable results in many branches, 
while the government corporation could enter those fabricating 
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branches in which competitive forces were not strong enough to 
produce an approximation to ideal market relations. Or, with gov
ernment production of ingot, consumers' cooperation in fabrica
tion might prove to be a feasible substitute for government fabri
cation in some of those branches. 

As long as the present organization of .the industry continues, 
the success of the competitive process in fabricating branches will 
depend partly on the economic statesmanship of the chief execu
tives of the integrated company, for no code can remove all op
portunity for uneconomic exercise of power. In the small seg
ment of industry examined in Part IV of this book it appears that 
conditions might be improved by a major operation upon indus
trial organization which removed some economic power, or by 
very elaborate government regulation. But it does not seem likely 
that a maximum of desirable results could be obtained in either 
of these ways. That goal might be attained only if government 
entered the production of ingot, and perhaps some fabricated 
products; or if the executives of the integrated firm or firms 
understood thoroughly how to promote the public welfare and 
placed it ahead of private advantage whenever the two con
flicted. 
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APPENDIX A 

ALUMINUM AND THE ELECTROCHEMICAL R.EVOLUTION 

SCIENTIFIC study of the general principles governing the relations 
between electric currents and chemical changes originated with 
the science of electricity. The successful economic adaptation of 
these principles to particular problems, which proceeded rapidly 
in the last quarter of the nineteenth century, altered technical 
operations in some industries, and introduced several new prod
ucts which have assumed considerable economic significance. The 
role played by aluminum in this electrochemical revolution was 
twofold. It was among the most important of the new products; 
and the search for a successful method of reducing it from re
fractory ores advanced the knowledge of electrochemical tech
nique and contributed to the development of several other new 
products. The following survey describes the development of 
some of the chief principles of electrochemistry and the results 
of the work of several inventors who attempted to apply them 
to the reduction of aluminum. 

Shortly after the invention of the voltaic pile, which first pro
vided electric currents of effective magnitude, Sir Humphry Davy 
succeeded in isolating potassium and sodium by electrolysis. Then, 
turning his battery of one thousand plates upon aluminum oxide, 
he attempted a number of experiments which, though failing to. 
yield pure aluminum, had, by 1809, established the fact that 
alumina can be decomposed while fluid in the electric arc, and its 
metal reduced as an alloy of iron. Davy also decomposed other 
oxides and hydrates, but his work did not extend far into the 
realm of analysis and explanation. His pupil, Michael Faraday, 
eclipsed the master by his comprehension and formulation of the 
fundamental principle that there exists a definite quantitative re
lation between the amount of current passing in any electrolyte 
and the chemical effect produced. The chemical effect upon each 
substance was explained by Faraday as being directly proportional 
to its equivalent weight and to the time during which the current 
passed. Elucidation of these laws led Faraday to believe that 
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the dissolved molecules of an electrolyte consisted of oppositely 
charged atoms which he called ions. Under the influence of the 
electric current the positively charged atom (cation) was at
tracted to the negatively charged pole (cathode) of the circuit 
and the negatively charged atom (anion) migrated to the posi
tively charged, pole (anode). At the pole each gave up its charge. 
Thus there collected at each pole groups of neutralized atoms, 
each of which constituted a molecule of the substance or element 
now existing in a free state. When metallic compounds were 
electrolyzed the atoms of, the metals became cations, and their 
migration to the cathode resulted in th~ free existence of metal 
at that pole, where it could be collected.1 

Less than a decade after Faraday's communications on elec
trolysis Joule formulated the principle that there is a definite 
mathematical relation between the quantity of electricity passing 
in a conductor and its heating effect. "By these two laws (Fara
day's and Joule's) nearly all of modern practice of electrochemis
try and electrometallurgy is governed." 2 

In 1819 Hans Christian Oersted, professor at the University 
of Copenhagen, found the relationship between electricity and 
magnetism which philosophers had long suspected. This epochal 
discovery at once attracted the attention of Ampere of France, 
Professor Joseph Henry of the United States, and Faraday in 
England. Ampere and Henry worked out the relationship in 
detail. It was the English genius who, aided by their researches, 
discovered that an electric current could be induced in a coil of 
wire by revolving it in a magnetic field, and thus revealed the 
fundamental principle of the dynamo. Several magneto machines 
were constructed upon this principle during the thirties and forties. 
The typical machine consisted of a permanent steel magnet be
tween or Iiear the poles of which rotated an armature composed 
of wire coils wound about iron cores. By mUltiplying the number 
of coils and magnets, and utilizing steam power, currents of suffi
cieri~,strength to produce illumination for lighthouses were gen
erated, but it was found impossible to obtain steel magnets of 

1 Of course, theories of electricity and electrolytic action have changed and ex
panded since Faraday's work, but the fundamental principles which he formulated 
remain valid. 

• E. A. Ashcroft, A Study 01 Electrothermal and Electrolytic Industries (New 
York, 1909), Pt. I, p. 6. 
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strength enough to induce powerful currents. The true dynamo 
did not make its appearance for several decades. 

Thus, before the century was half over, some of the funda
mental principles of electrochemistry were thoroughly understood, 
and the magneto machine had been demonstrated as a practical 
success. But the scientific achievements of the laboratory could 
not emerge into the economic world until the dynamo made its 
momentous appearance. Investigations of the effects of electric 
current upon various chemical compounds continued, however, 
with some important results. Professor Bunsen of Heidelberg 
succeeded in obtaining barium, chromium, and manganese solu
tions with the battery. He also decomposed fused magnesium 
chloride by the electric current. 

Aluminum had been first isolated in 1825 by the Danish chem
ist, Oersted, who reduced aluminum chloride with potassium amal
gam. Two years later Friedrich Wohler, professor of chemistry 
at the University of GOttingen, secured the white metal by a 
slightly different chemical process. Henri St. Claire Deville of 
the £Cole Normale in Paris is, however, entitled to the honor of 
first obtaining fairly large amounts of aluminum in a state of 
almost perfect purity and determining its true properties. Deville 
employed potassium as the reducing agent. Encouraged to con
tinue his researches by a financial grant from the Academy, he 
directed his attention "to electrolysis, since potassium was both 
dangerous to handle anavery expensive. Bunsen's success with 
electrolysis of magnesium chloride stimulated Deville to try the 
same experiment with aluminum chloride. After a few weeks of 
experiment he obtained aluminum in March 1854. Scientific dis
coveries often have a habit of descending upon two men in different. 
places at nearly the same time. Bunsen had published in Pog
gendorf's Annalen an electrolytic process quite sipillar to that of 
Deville just a week before the latter, in complete ignorance of 
Bunsen's success, read a paper to the Academy describing his 
own results. The reduction of aluminum by electrolysis was 
clearly the stimultaneous discovery of both of these men. Neither 
of them, however, attempted to apply the discovery to industrial 
production. Deville, who was seriously interested in promoting 
an aluminum industry, realized that the large consumption of zinc 
in the battery would entail a prohibitive cost. He reverted to 
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chemical methods and invented the sodium process, which gave 
birth to an aluminum industry of small proportions. Professor 
Richards, writing in r896, when electrolytic aluminum had been 
on the market for several years, observed that 

• • . the great advances made in dynamo-electric machinery in the last dec
ade have led to the revival of the old methods of electrolysis discovered by 
Deville .and Bunsen, and to the invention of new methods of decomposing 
aluminum compounds electrolytically. It will be recalled that the first small 
pencils of aluminum made by Deville were obtained by electrolysis and that 
he turned back to the use of alkaline metals solely because the use of the bat
tery to effect the decomposition was far too costly to be followed industrially. 
This fact still holds true, and we cannot help sllpposing that if Deville had 
had dynamos at his command sllch as we have at present, the time of his 
death might have seen the aluminum industry far ahead of where it now is." 

Just three years previous to the successful experiments of the 
French savant and Bunsen upon aluminum Charles Watt in Eng
land had taken out what one authority refers to as "the master 
patent of the electrochemical and electrometallurgical industries 
in the United Kingdom."" 

In this patent, Watt described in some detail how the electric Cllrrent might 
be employed fi>r prodllcing alkali hydrates and chlorine, hypochlorites, or 
chlorides, and how it might be utilized for refining copper, silver, or other 
metals, or for separating these from their ores. . . . 

Watt's ideas, as put forth in this patent of 1851, could not, however, receive 
practical trial until the dynamo was developed and improved, and it was not 
until 1869, when Elkington erected the first electrolytic copper refinery at 
Pembrey, in South Wales, that the industrial development of the facts and 
ideas gathered during the previous years of the century co=enced." 

Just why there was such a long. time lag between the under
standing of scientific principle and the adaptation to industry in 
the instance of the dynamo is not altogether clear. It would 
appear, however, that the possibilities of utilizing powerful elec
tric currents·in industry must have been manifest; so one would 

• J. W.Richards, Aluminium, p. 24. See aIso R. J. Anderson, The MetaUurgy of 
Aluminium· and Aluminium AUoys, p. 3; MI, I, I2 (1892); Engineering News, 
LXXIII, 177 (1915). 

• J. B. C, .Kershaw, Electro-metallurgy, p. 6. 
• Appaxently. this was one of the first electrochemical patents. It is not without 

significance that until at least the middle of the century most of the discoveries 
appeared in the .transactions of the leaxned societies rather than in the patent 
office. The number"of patents for electrochemical processes and equipment appears 
to increase through the sixties and seventies to a veritable outbreak in the eighties. 
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infer that the chief resistance was found in the difficulties of over
coming serious technical problems. The magneto machine maun
dered along through the fifties and sixties with no startling change. 
The Siemens armature designed in 1856 increased the maximum 
current strength, but this could not remove the main obstacle, 
which was the weakness of the magnetic sphere of influence. It 
was in the latter part of 1866 that Siemens of Berlin and Wheat
stone in London independently made a change in the construction 
of the machine which provided the necessary improvement. In 
place of the permanent steel magnet they substituted an electro
magnet consisting of a core of soft iron wound with insulated 
wire which was connected to the revolving coils of the armature. 
Although soft iron possesses but a trace of magnetism, this trace is 
sufficient to induce a feeble current in the coils of the armature. 
A portion of this current passes through the wire wound around 
the iron, thus magnetizing it. This increased sphere of influence 
enhances the strength of the current in the armature, with the 
reciprocal result of a further access of magnetism in the iron, 
and so on. By the cumulative action of this process the dynamo, 
as the machine was called after this change, generates currents of 
far greater strength than the magneto machine was able to pro
duce. The perfecting of the dynamo in the following years was 
due largely to the work of Gramme. 

As is indicated in the passage from Kershaw quoted above, the 
first important development of industrial electrochemistry fol
lowed close on the heels of the appearance of the dynamo. But 
the electrolytic copper refinery mentioned was for some years 
the only important electrochemical works. Although electrolytic 
refining of copper was inaugurated twenty years earlier it did not 
expand substantially until it had caught the contagion which 
spread from the electrochemical outbreak in the eighties. 

Progress in dynamo construction in the seventies, by cheapen
ing cost as well as increasing the electric horsepower available 
for industrial application, aroused more interest in practical ex
periments aiming at the reduction of highly refractory metallic 
compounds. The results of this experimentation were twofold. 
In the first place the electric furnace was developed and adapted 
to many particular industrial applications. Secondly, several elec
trochemical processes were discovered and perfected which could 
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be carried out successfully in the electric furnace. The natural 
consequences of the two related achievements appeared in the 
birth of several new industries, of which the aluminum industry 
was the first and most robust infant. The experimental and de
velopmental work done upon aluminum compounds in the eighties 
possessed also.~ wider significance. In 1891 a writer describing 
the early achievements in electrochemistry referred to the develop
ment of electrometallurgy 6 as "largely due to the attempts to 
produce aluminum economically." T 

During the eighties a large number of inventors were at work 
upon the problem of electrolytic or electrothermal reduction of 
aluminum. The first proposal to use the dynamo for electrolytic 
reductionaf aluminum was made in Berthaut's patent in 1879. 
His process was similar to that of Deville. Gratzel in 1883 and 
Kleiner in 1886 each proposed an electrolytic process using a dy
namo. Although none of these processes proved successful in 
industrial application, they were significant in showing that at
tempts were being made to utilize the possibilities of the new 
power generators. The first successful industrial work was ac
complished by the brothers Alfred and Eugene Cowles of Cleve
land. In 1883 they purchased with their father a zinc mine in 
New Mexico. The extreme refractoriness of the zinc ores led 
them to an investigation of electric-furnace reduction· which re
sulted in the designing of a successful electric furnace. For this 
initial task and the long series of inventions, experiments, and 
practical achievements in electrometallurgy which followed, the 
brothers possessed a rare combination of qualities. Alfred brought 
an. alert mind and a training insdence which were evidenced by 
a distinguished career of several years' study at Cornell University. 
Eugene, also resourceful and ingenious, had acquired much prac
tical experience in metallurgy and electrical engineering, in addi
tion to executive experience as manager of an electric-lighting 
plant. 

Encouraged by the success in smelting refractory zinc ores in 
their electric furnace, the brothers turned their energetic en-

• Electrometallurgy is, of course, one branch of electrochemistry. The early 
development was largely metallurgical. 

• R. L. Pack;ird, MR, 1891, p. 147. Cf. E. E. Slosson, Creative Chemistr, (New 
York, 1919), P.-24S: "The industrial development of the electric furnace centered 
about the search· for a cheap method of preparing aluminum." 
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thusiasm upon aluminum at about the time when Charles M. 
Hall was graduating from Oberlin College after a classical course 
which had left him with a passion for chemical experiment. The 
Cowleses appeared to have the prize within their grasp when they 
developed a commercially successful method of obtaining copper
aluminum alloys in the electric furnace; but it was wrested away 
overnight when Hall discovered an electrolytic process which 
yielded pure aluminum. 

The Cowleses' attack upon the problem of adapting their elec
tric furnace to aluminum smelting and finding a suitable reagent 
had consumed only a few months when their success was an
nounced by Professor Charles F. Mabery, one of their associates, 
in a paper before the American Association for the Advancement 
of Science.· The process was simple. In a furnace of the so
called resistance type a high temperature was obtained by intro
ducing coarsely pulverized carbon, which presented a great re
sistance to the electric current. Carbon was, at the same time, 
the most easily available substance for the reduction of oxides. 
The attempt to secure pure aluminum by this method was un
successful because the aluminum combined with the carbon to 
form a useless carbide. However, it was found that by introducing 
another metal into the furnace a useful alloy of aluminum would 
be yielded at a cost per pound of aluminum equivalent to a third of 
the price at which the pure metal was then selling. For the pro
duction of aluminum bronze there was placed between the elec
trodes of the furnace a charge of alumina in the form of gran
ulated corundum, mixed with charcoal and granulated copper. 
The most successful Cowles furnace was, of course, adapted for 
continuous working. Aluminum-alloy production was undertaken 
in a plant at Lockport, New York, where cheap water power was 
available from a tailrace of the Niagara overflow. The Cowleses 
also built and put into operation a plant at Milton, England. 
At one of these plants (reports seem to divide the honor) there 
was installed a dynamo of almost 400 h.p. capacity which aroused 
so much interest, by virtue of its novel magnitude, that it became 
famous under the sobriquet of "the Colossus." The alloy busi
ness flourished for a few years until the advent of pure alumi
num announced its doom. Metal mixers preferred to make their 

• August a8, J88$. 
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own alloys when the pure metal became available at a favorable 
price. 

While aluminum was for some years their primary interest and 
their first industrial venture with the electric furnace, the Cowles 
brothers did not confine their early experiments or their later com
mercial activitieli to this one metal. A committee of the Franklin 
Institute of Philadelphia in recommending the award of two 
medals 9 to the Cowleses in 1886 reported in part: 

The essential and valuable novelty of the process is the ingenious applica
tion of the intense heat obtained by the passage of a powerful current of elec
tricity through a conductor of great resistance, to the reduction, in the presence 
of carbon, of the most refractory ores, some of which have hitherto resisted 
all similar attempts at reduction. • • . 

This process is applicable to the reduction of all kinds of ores, but particu
larly to those unreducible by other means • • . j already aluminum alloys of 
iron, silver, tin, cobalt, and nickel have been prepared; silicon, boron, po
tassium, sodium, magnesium, calcium, chromium, and titanium as well as 
aluminum have been obtained in a free state.lD 

Albert W. Smith in a brief biographical sketch of Professor 
Mabery credits the Cowleses with even more discoveries. 

In this work, the development of the electric furnace, they were the first 
to produce all the many electric-furnace products which have since become 
such important items in industrial chemistry - calcium carbide, Carborundum, 
fused alumina, and artificially-made graphite - although they did not interest 
themselves in the commercial development of these products." 

Perhaps the claims made in these statements are somewhat ex
aggerated. A few years later Moissan in his researches on the elec
tric furnace showed that many of ,the first conclusions regarding 
electrothermal carbon smelting to secure pure metals required 
important modification, because'llseless carbides were the typical 
yield. Very likely the Cowleses -and their employees did produce 

• The J ohri Scott Legacy premium and medal given by the City of Philadelphia 
to encourage science in the arts, and awarded on recommendation of the Franklin 
Institute;, and the Elliott Cresson gold medal, the highest honor given by the 
Franklin Institute. 

10 Report of the Committee on Science and the Arts on the process and furnace 
for reduction of refractory ores, and the production of metals, alloys, and com
pounds invented by Eugene D. and Alfred H. Cowles (Journal oj the Franklin In
stitute, CXXII, SI, July 1886). 

U Journal oj Industrial and Engineering Chemistry, XV, 314 (March 1923). 
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in one form or another most of the products which Smith credits 
to them. For the most part, however, they did not produce these 
products with commercial success until others had demonstrated 
their economic usefulness. 

The part played by these innovators in the electrochemical 
revolution may be summed up as follows. They built and oper
ated several electric furnaces which were not only successful in 
industrial application but also provided an arresting demonstra
tion of the possibility of utilizing the electric furnace in a wide 
range of industrial activities. In their electric furnace they decom
posed for the first time many metallic oxides which had previously 
resisted the most determined efforts of the fuel furnace. They 
were responsible for the first commercial production of aluminum 
in the form of alloys on a fairly large scale at a cheap cost. Their 
work possessed great significance for the development of the 
dynamo. "In the early days of the Cowles Company their experi
ments and improvements did important pioneer work for the 
United States and other countries in the use of large dynamos." 12 

The success of the Cowles furnaces was followed by a broadcast 
of their results in the leading scientific journals of Europe and 
America. Literature concerning aluminum was widely dissemi
nated by the Cowles company. In attracting world-wide attention 
to the potentialities of electric smelting by furnishing other work
ers with both knowledge and stimulus, the Cowles brothers played 
a leading part in the industrial development of electrochemistry.18 
As far as aluminum itself is concerned, although they did not 
obtain the metal in pure form, their attainments with the electric 
furnace were doubtless of aid to the inventors of the electrolytic 
process, while their prosperous business in aluminum alloys pre
sented a stimulus to those who were still at work upon the more 
difficult problem. It should be added that, while the Cowles 
company found it unprofitable to operate the electrothermal re
duction of aluminum after 1892, Alfred Cowles continued his 

u Eledro-cltemJcal IfIIlwt;'y, I, 56 (October (902). Another authority declares 
that "the Cowles process attracted much attention, as it was the pioneer of dynamo
e\ectrometallurgy in the United States" (R. L. Packard, in MR, 1894, p. 359, being 
A .... IIGI Relort 01 tlte United SIGtes GeologiCtJl Surtley, XVI, Part In) . 

.. Cf. Dr. Leonard Waldo's supplementary note in his translation of Adolphe 
Minet, TIte Producuo .. 01 Alu"';nium IIf11l I" Indwtrial Use, p. 255. 
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interest in aluminum in particular and electrometallurgy in gen
eral for many years.14 

The progress of the Cowleses in electrometaIlurgy was closely 
paralleled on the other side of the Atlantic by a brilliant Parisian 
inventor, M. Paul L. T. Heroult. In 1886 M. Heroult began a 
long career of experiment and industrial application characterized 
by achievements in nearly every department of electrometallurgy. 
His attention, also, was first claimed by aluminum. In 1886 he 
independently discovered and patented in Europe an electrolytic 
process yielding pure aluminum which was in all essentials pre
cisely similar to the Hall process. At the time he did not realize 
the possibilities attaching to the metal in its pure state. Speaking 
at the Metallurgical Congress in Paris during the World's Fair 
in 1900, he explained how it came about that he did not imme
diately attempt to perfect his process for industrial production. 

My practical knowledge of chemistry was at the time [1886] that of a stu
dent of twenty-three; of special knowledge I had as good as none at all. 
Under these circumstances, it is needless to say that after I had taken out my 
first patent I sought the counsel and encouragement of those men who were 
then considered authorities on this subject. Pechiney (Salindres), whom I 
first approached, explained to me that aluminum was a metal of restricted use
fulness; at most it might be used for opera-glasses; and whether I wanted to 
sell the kilogram for 10 or 100 francs, I would not be able to dispose of one 
kilogram more. It was otherwise in the case of aluminUm bro~, of which 
considerable quantities were handled commercially, if I could produce it 
cheaply; I would then, beyond a doubt, come out even in my reckoning. 

I had then already in this connection undertaken some successful experi
ments; and I therefore laid aside for the time being the production of pure 
aluminum and turned to a series of new researches which in the year 1887 led 
to a second patent. 

In this additional patent a system of electric furnaces and a process were 
described which made possible a continuous production of alloys of aluminum, 
and particularly of all metals difficult to melt and reduce.'" 

The~.fumace and process of the 1887 patent were essentially 
like the Cowles apparatus for aluminum alloys. Heroult's Euro
pean patents for production of aluminum and its alloys were pur
chased by the Schweizerische Metallurgische Gesellschaft, formed 
in October 1887 by Swiss industrial interests.18 During 1888 and 

.. Eugene 'Cowles died in 1893. 
'" Quoted in Minet, op. cit., pp. uS-u6. 
10 Schulthess, op. cit., p. 4. 
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a part of the following year aluminum alloys were produced with 
the aid of Heroult himself in a small plant at Neuhausen, Switzer
land. In 1888 this company and the Deutsche Edison Gesell
schalt (later the Allgemeine Elektrizititsgesellschaft) organized 
the Aluminium Industrie A. G., which thenceforth operated the 
aluminum patents in an enlarged plant at Neuhausen. Dr. Martin 
Killani, who had experimented upon the production of pure alu
minum for the AEG was largely responsible for the successful 
industrial adoption of the Heroult process for producing pure alu
minum to which attention was turned in 1889. Heroult returned 
to France, where he aided in perfecting electrolytic production 
of aluminum by the Societe Electrometallurgique Fran¢se, 
founded in 1888 with the aid of the Neuhausen company. 

Heroult next turned his attention to the electrothermal pro
duction of calcium carbide, which had been discovered in 1892 and 
1893 by Willson and Moissan. The furnace which had served for 
aluminum alloys was used for calcium-carbide production at 
La Praz and perhaps at other plants of the Societe. The later 
and more important accomplishments of this versatile inventor 
were concerned with ferroalloys and steel refining. A passage in 
The Electric Fumace by]. N. Pring is particularly apt in that it 
shows, by tracing the repercussions of Heroult's early work in 
connection with aluminum upon other fields in electrometallurgy, 
a trend which was characteristic of the activities of several alu
minum experimenters. 

The work of Heroult on the production of steel in the electric furnace fol
lowed as an outcome of the aluminum process which had been established in 
1887. The possibility of producing various ferroa1loys was shown in a similar 
type of furnace consisting of a metallic casing of crucible form, the bottom of 
which is carbon lined to form one pole, whilst the movable carbon electrode 
making contact with the surface of the charge forms the second electrode. . . . 

The production of low-carbon ferrochromium led to work on the produc
tion of steel and to the establishment of a furnace in which, by the use of spe
cial slagS, high-grade steel can be obtained direcUy from highly impure iron. 
Furnaces for this purpose were brought into operation at La praz and Froges 
in France at the aluminium works of P. Heroult, and in 1906 the process was 
applied at R.emscheid, in Germany." 

.. J. N. Pring, TIH Eledrit; ptInUJU (London: Longmans, Green I: Co., J9U), 
p. JlO. lUroult also developed the electric-furnace smelting of iron ores. 
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If it be said that the Cowles brothers introduced the electric 
furnace to the industrial world, it must be said that Heroult as
sisted at the introduction and took a leading part in its subse
quent adaptation for several important uses. The popularity of 
the Heroult steel furnace in the early years of electric steel was 
testified to by Wright in I9IO.18 Figures on electric furnaces in the 
British steel industry in I9I9 show that the Heroult installations 
outnumbered those of every other type by a substantial margin.lt 

Another American inventor who first studied aluminum reduc
tion, but made his real contributions to the development of elec
trochemistry through his work on other materials, was Thomas L. 
Willson. In I885 Mr. Willson was an employee of the Brush 
Company of Cleveland, manufacturers of dynamo machines for 
the Cowles brothers. Willson's interest was caught by the experi
ments of the latter with their electric furnace. He left the Brush 
Company and began experiments upon aluminum reduction in 
an electric furnace at Spray, North Carolina, which was situated 
near deposits of corundum. These experiments resulted in a 
patent for the reduction of aluminum alloys in I890, just as they 
were beginning to be supplanted by Hall's electrolytic aluminum. 
Willson discontinued further work on aluminum soon after he 
had accidentally discovered calcium carbide while attempting to 
obtain metallic calcium in the electric furnace for the purpose of 
trying this metal as a reducing agent upon aluminum.20 Willson 
and Moissan, who obtained calcium carbide at about the same time 
in France, were the first to perceive the economic usefulness of 
this compound for the production of acetylene gas. Industrial 

,. J. Wright, Ekcmc Ffll'fltJCu Gild Tieir 11ld1lS'riol AppliaJliOfl (London, 1910), 
p. 1I8. 

B Pring, op. m., p. 272. Heroult furnaces numbered 49 of the 144 electric furnaces 
installed. Total capacity of these 49 was 195 tons tompared with 79 tons capacity 
of the 34 furnaces of the next most tommon type • 

.. The honor of this discovery must be shared with Moissan in France, who 
announced his results at about the same time as Willson (the end of 1892). Will
son appears to have been the first to manufacture calcium carbide, beginning as 
early as .1891 in Spray. Moissan's researches, which continued for several ~ 
were the more scientific and the more valuable for the etonomic utilization of this 
product .. The discovery of calcium carbide by these two men was in fact a redis
covery, for Robert Davy, cousin of Sir Humphry, had distovered this tompound 
originally in .1855, and Wohler had repeated Davy's experiment in 1862 and engaged 
in further study of the compound. This is another example of the time lag between 
laboratory discovery and industrial development. 
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production of calcium carbide and acetylene gas was inaugurated 
on a fairly large scale in the United States and England under the 
Willson patents, and on the Continent under patents taken out in 
the name of Bullier, an assistant of Moissan. 

Calcium carbide, which had appeared as an indirect result of 
experiments upon aluminum, was also destined to lead into further 
developments in electrometallurgy. In the last three years of the 
century calcium carbide and acetylene developed an inflationary 
boom complex in England and upon the Continent. Capital and 
enterprise poured into these new industries with cautionless op
timism, and acute overcapacity was rapidly created. In I900 the 
collapse occurred with even more swiftness. The difficulties of 
the new companies were increased by court actions in which the 
patents of Bullier and Willson were declared invalid in most of 
the European countries. Under the influence of manifold troubles 
the owners of many carbide plants with cheap water power turned 
their interest to the production of ferroalloys or sold their plants 
to persons who had been experimenting in this field.21 In the 
United States Willson saw his second venture with the electric 
furnace end without great financial success to himself when, as a 
result of the patent litigation, the control of carbide manufacture 
was awarded to the owners of the Bradley patents.22 Willson 
likewise turned to the production of ferroalloys in plants at Hol
comb Rock and Kanawha Falls, Virginia, and Ste. Catherine in 
Canada. In I900 The Mineral Industry reported that the Virginia 
plants were devoted exclusively to the manufacture of ferrochro
mium. Subsequently other ferroalloys were produced, but ferro
chromium continued to be the chief product. A few years later 
the Electro-Metallurgical Company was formed to take over the 
Willson patents and Virginia furnaces. A new plant was built at 
Niagara Falls by this company. One authority on the develop-

• France was the leader in the development of eIectric-f urnace ferroalloy pro
duction. 

• It iI interesting to note that thiI owner was none other than the Cowles Elec
tric Smelting and AJuminum Company, which henceforth owned an interest in the 
Union Carbide Company. A part of the fortune which Willson had failed to win 
from hil early experiments upon aluminum came to him later through Saguenay 
water power, which Is now used for aluminum production. J. B. Duke acquired 
a large part of the Saguenay water rights from Willson, who, it is said, had bought 
them from the Quebec government in 1911 for one thousand dollars. 
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ment of the electric furnace summarizes the evolution of the ferro
alloy industry as follows: 

It is in the manufacture of ferroalloys that the electrochemical industry met 
with its greatest success and most rapid development. The main incentive 
which led originally to the progress of this work was the decline in the calcium
carbide industry which followed its early extension. Thus in 1900, experi
ments were made in France on the production of ferro chromium, ferrosilicon, 
and other ferroalloys. Carbide furnaces were found applicable for this manu
facture, and the success obtained has finally led, in the case of many of these 
alloys, to the complete replacement of the older processes by electric-furnace 
manufacture. Large works manufacturing ferroalloys are now in operation 
mainly in Savoy, and Isere in the South of France and in the United States, 
Switzerland, and Scandinavia.-

With the exception of Heroult's electrolytic process for alu
minum reduction the achievements so far described involved the 
use of the electric furnace in electrothermal processes - that is, 
the electric current was used to produce heat of a sufficient in
tensity to allow chemical reactions which would not occur at a 
lower temperature. During the eighties a few men perceived that 
successful reduction of the alkali and alkaline earth metals and 
aluminum would be attained by electrolysis rather than electro
thermal methods. Charles S. Bradley became convinced by ex
periments that many of the highly refractory metaUic ores or 
compounds which were nonconductors in an unfused state could 
be reduced by electrolysis when the electric current was at the 
same time used to fuse the electrolyte and maintain it in a state 
of fusion.24 The peculiar feature of Bradley's work was the use 
of electric current to fuse and maintain fusion, thus making it 
possible to dispense with external heat. Bradley seems to have 
been the first, in America, at least, to recognize the significance of 
internal heating of the electrolyte. 

Almost contemporaneous with Bradley's work were the experi
ments of Charles M. Hall upon the electrolysis of aluminum. Be
fore his graduation from Oberlin College in 1885 this brilliant 
young man became vitally interested in the possibilities of wresting 
the ubiquitous metal aluminum from its useless compounds. While 

-Pring, op. cit., p. 14. This book was published in Igu • 
.. Three-quarters of a century earlier Davy had reduced potassium and sodium 

by employing the electric current for simultaneous fusion and decomposition. 
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still an undergraduate studying the classics, he found time to ex
periment with the effects of the electric current upon aluminum 
compounds, and after graduation his whole interest became ab
sorbed in this problem. He was shortly convinced that the chief 
requirement for an electrolytic reduction process capable of com
mercial development was an effective solvent for alumina, the 
cheapest aluminum compound. 

As he bas several times explained to the writer, he had in mind the analogy 
to dissolving a salt, such as copper sulphate, in water and obtaining the in
gredients of the salt at the two electrodes without decomposition of the 
water.-

Hall's next experiments were directed toward the discovery of 
a substance which would dissolve alumina as water dissolved the 
copper sulphate in the illustration given.28 He worked with many 
salts to find one which would (I) dissolve alumina fully, (2) 
conduct electricity, (3) yield only aluminum and oxygen from 
electrolysis, and (4) not volatilize or deteriorate on continued use. 

A few months of elimination work sufficed to arrive at the 
discovery which was the essential part of Hall's invention. He 
found that the double fluoride of aluminum and the more electro
positive metals possessed the qualifications for an effective sol
vent of alumina. It was on February 10, 1886, that he was 
delighted to remark that cryolite, the double fluoride of aluminum 
and sodium, readily dissolved considerable amounts of alumina. 
Using a gasoline burner to heat his crucible, pe applied the elec
tric current from a galvanic battery to a bath of alumina dis
solved in cryolite. The result was not at first successful. A 
suspicion that the difficulty lay not in the bath but in the presence 
of silica in the lining of his clay crucible was proved to be correct 
when he lined the crucible with a mixture of ground carbon and 
tar. On February 23, 1886, he obtained his first button of pure 

-1. W. Richards, in Eledro-demiaJllfllluslry, I, 159 (January 1903). 
• Aqueous .olutions are unsatisfactory for the electrolysis of aluminum salts be

cause the aluminum possesses .uch a great affinity for oxygen that the hydroxide 
01 aluminum II yielded rather than the metal itself. See Minet, op. cil., p. 57. Rich
ards .tates (MI, XlV, 13, 1905) that Ha))'. earlier attempts at Oberlin convinced 
him that e1ectrolysis from aqueous solutions was out of the question because the 
naacent aluminum at the cathode was immediately oxidized. The critical pressure 
for decomposition of water is lower than that of aluminum. 
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aluminum. Patents were applied for in July, and during the next 
two years Hall was engaged in the work of adapting his process 
for industrial production and securing financial backing. Through
out the experimental period, and apparently for a few months after 
industrial production had actually begun at the plant of the Pitts
burgh Reduction Company, Hall relied upon external heating. 
It is not clear whether he really intended to continue external 
heat when the process was conducted upon a commercial scale, 
or whether he believed that as a natural consequence of larger
scale operations the electric current would maintain the bath in 
a fused state. It does not appear that Hall appreciated the prin
ciple of fusion by the electric current simultaneous with electroly
sis until after some experience with industrial operation of his 
process. His patent claims did not specify this; on the contrary, 
they definitely mentioned external heating. In the absence of 
Bradley's work Hall would, of course, have adopted internal heat
ing when operation demonstrated its advantage. It should be 
recognized, however, that Bradley was the first of the many in
vestigators of this decade to appreciate the significance of the 
principle of simultaneous fusion and electrolysis by the electric 
current. It was Hall who overtopped his many competitors and 
carried electrolysis from the laboratory to its first successful appli
cation in the industrial world. 

It may be asked why Hall and other inventors worked with 
alumina, which exists in nature (as corundum) in a very limited 
amount, rather than with some of the common aluminous ores 
such as bauxite, gibbsite, or kaolin. Any reduction of its ores 
which will yield aluminum wiUalso reduce the metals associated 
with it in the ores and thus destroy all the valuable qualities of 
the aluminum. The refining of impure aluminum presented great 
obstacles. Alumina seemed the most promisiIig point of attack. 
The alumina used in the Hall process has until recently been 
produced only by an expensive chemical treatment from the ore 
bauxite. 

Hamilton ·Y. Castner, a chemist from Columbia University, 
also turned his attention to aluminum at the same time as the 
others. His attack, however, was upon the chemical method which 
reduced aluminum at a high cost by the chemical action of sodium, 
which was itself obtained only at great expense. It was stated in 
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1883 that 57 per cent of the cost of alUminum was attributable to 
the sodium. Castner invented a process of reducing sodium which 
lowered its cost from one dollar a pound to about twenty or twenty
five cents. A new aluminum company was set up in England by 
Castner and an English associate in 1887. Four years later the 
competition of electrolytic aluminum forced this company to dis
continue aluminum manufacture and write its capital down froD;!, 
£400,000 to £80,000. The firm continued to produce sodium, and 
Castner, perhaps disgruntled by his failure in trying to patch up 
an obsolete process, began to experiment with electrolysis. His 
ability was both recognized and rewarded a few years later when 
he invented an electrolytic method for reducing sodium from com
mon salt, which soon replaced the chemical methods.2T Castner 
also contributed to the industrial application of electricity to the 
production of caustic soda and chlorine and cyanides. 

The development of the electric furnace and the rapidly in
creasing knowledge concerning its application in the industrial 
arts had other repercussions before the tum of the century. In 
1891 E. G. Acheson, while experimenting on artificial production 
of diamonds in an electric furnace, accidentally secured an ex
tremely hard crystalline material which he supposed to be a com
pound of carbon and alumina (corundum). It was only after he 
had given it the name carborundum that he identified it definitely 
as the simplest compound of carbon and silicon - CSi or silicon 
carbide. After investigation had shown the usefulness of this 
material, which is next to the diamond in hardness, Acheson pro
ceeded to produce and sell it under the name of carborundum. A 
small factory in Pennsylvania was superseded in 1895 by larger 
works at Niagara Falls, where furnaces absorbing 1,000 h.p. 
were set up. This represented a significant development, for until 
this time only small furnaces had been used in applied electro
metallurgy. A few years later Acheson founded successful indus
trial processes for the manufacture of artificial graphite and re
fractories (siloxicon and aloxite) in the electric furnace. 

Up to. this point we have surveyed the early course of the 
electrochemical revolution, which received its stimulus from the 
search for a practical process of reducing pure aluminum on a 

• This was similar to the method used· by Davy in 1807. 
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large scale. Laboratory discovery and the formulation of the 
fundamental principles of electrochemistry in the first half of the 
century brought no immediate industrial consequences owing to 
the absence of cheap electric power in large amounts. The intro
duction of effective dynamos in the late sixties and seventies pre
cipitated an outbreak of experimentation aimed at the use of the 
electric power now made available for electrochemical processes. 
Electrolytic copper refining, although first upon the scene, did not 
reach sizable proportions until after further advances in industrial 
electrochemistry, which resulted in the birth and growth of sev
eral new industries. Most of the experimentation of the eighties 
was concerned with aluminum reduction and somewhat inciden
tally with the reduction of other refractory oxides. The invention 
and development of the electric furnace by the Cowles brothers 
in this country, and by Heroult and Moissan among others abroad, 
marked the first important step. Alloys of both aluminum and 
silicon were produced industrially by the Cowleses in the latter 
eighties. After Hall and Heroult had seized the aluminum prize 
with their successful electrolytic process, Willson, Moissan, the 
Cowleses, and others, who had been working upon electrothermal 
processes in the electric furnace,developed the manufacture of 
calcium carbide and acetylene and ferroalloys. During the first 
decade of the present century these industries became firmly es
tablished. Under the influence of ferroalloy production a begin
ning had been made in the production of electric furnace steel. 
This decade also ',vitnessed the growth of additional industries 
which seemed to appear naturally once the applicability of the 
electric furnace had been established - e.g., carborundum, arti
ficial graphite, and refractories. While the existence of an effective 
dynamo was a necessary condition for the birth of electrochemical 
industries, their growth in turn d~mandedthe .further cheapening 
of power which was obtained by hydroelectric developments. The 
early promotion of hydraulic electricity at Niagara Falls in the 
nineties found about half its market in electrochemical' plants 
which were ,built there to use this cheap power. The rapid prog
ress of industrial electrochemistry in this decade and an aroused 
interest in its development are testified to by the simultaneous es
tablishment in I902 of the Electro-chemical Industry,28 a scientific 

IBNow Chemical and Metallurgical Engineering. 
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and trade journal, and of the American Electrochemical Society, 
whose membership embraced both industrial and academic men. 

It is interesting to note that in addition to his earlier achieve
ments already described, Alfred Cowles and his associates had by 
this time come to hold the most prominent position in electric 
smelting in the United States. By patent litigation or purchase the 
following companies had become more or less subsidiary to the 
Electric Smelting and Aluminum Company: the Union Carbide 
Company, the Willson Aluminum Company, the Electric Gas 
Company, the Acetylene Illuminating Company, the Acetylene 
Company.211 In 1913 the Cowles company won an infringement 
suit against the Carborundum Company over the Cowles electric
furnace patents. Although these had already expired, the decision 
legally established the Cowles brothers as pioneers in electric 
smelting. 

While it would be beyond the purposes of this essay to de
scribe the further development of electrochemistry, it may be of 
interest to indicate briefly the economic significance connected 
with the later development of the industries whose birth has been 
noticed, and to mention the more recent electrochemical appli
cations. 

Since the early nineties the electrolytic copper-refining industry 
has shown an enormous expansion, principally in America. The 
inadequacy of the supply of ''lake'' copper to fill the rapidly grow
ing demand for metal of high purity for electrical uses necessitated 
the exploitation of the great deposits of the western states. Ordi
nary metallurgical methods could not secure the metal from these 
ores in pure enough form for the electrical industry. As a con
sequence, electric refining of the raw copper obtained by smelting 
these ores developed rapidly with the expansion of the electric 
industry. This development was facilitated by the presence of 
silver and gold in American raw copper, the recovery of which 
materially reduces the cost which must be borne by copper. The 

. absence of these valuable constituents in the European copper ores 
has been adduced as the main reason why the growth of electro
lytic refining in Europe was so slow by contrast.ao 

Calcium carbide, which was earlier employed chiefly as a base 
for acetylene manufacture, has not lost its importance with the 

• Kershaw, 01. Q,., p. log. 
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waning of acetylene illumination. Oxyacetylene cutting and weld
ing has exerted a marked influence upon the development of the 
metal industries. Furthermore, acetylene, C2H2, is useful as a 
starting point in building up higher compounds of carbon and 
oxygen by synthetic chemistry. Some of. the products thus de
rived are alcohol, acetic acid, acetone, and methyl. The largest 
use of calcium carbide in recent years has been in the manufacture 
of calcium cyanide, now employed extensively as a fertilizer. 

It was pointed out above that the production of ferroalloys in 
the electric furnace received part of its initial stimulus from the 
overcapacity of calcium-carbide furnaces. Since then the furnaces 
used for ferroalloy production have been modified in details, and 
the ferroalloy industry has enjoyed a tremendous expansion under 
the influence of an increasing interest in the development of ter
nary and quaternary steel for special purposes. Ferroalloys serve 
two purposes in the manufacture of steel. First, they act as puri
fiers and deoxidizers by combining with elements which would 
lower the quality of the steel unless removed. Ferrosilicon and 
ferromanganese are the principal alloys used for this purpose. 
For many years these two alloys were prepared by ordinary blast
furnace methods. The electric furnace, which yields alloys of 
much higher manganese and silicon content, has largely super
seded the 91der methods in the preparation of ferromanganese and 
to a lesser extent in the making of ferrosilicon. Secondly, ferro
alloys are employed to introduce into the steel a certain propor
tion of the alloyed metals, with the purpose of increasing the 
quality of the steel for special uses. Of the several alloys used in 
this way ferrochromium was the first to be produced in large 
amounts by the electric furnace, which has almost completely 
replaced the crucible process for this alloy. By virtue of its ex
treme hardness, steel with a small percentage, of chromium has 
been instrumental in the development of gear machinery and cut
ting tools. Ten to twelve per cent chromium has given us "stain
less steel." Ferrotungsten has had a remarkable growth as an 
electric-furnace product. It is utilized in making high-speed steel 
for cutting tools which, by retaining their edge even at the red heat 
induced. by rapid. machining, have revolutionized machine-tool 
performance. Ferromolybdenum added to steel imparts qualities 
similar to those of tungsten steel. Ferrovanadium is made largely 
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in the electric furnace. Steel possessing very small amounts of 
vanadium resists shock and vibration more satisfactorily, and 
hence is used for axles, cranks, connecting rods, and so on. Ferro
titanium, ferrouranium, and ferrophosphorus are alloys of lesser 
importance which are produced to some extent in the electric fur
nace. 

It has already been explained that the use of the electric furnace 
for steel refining was suggested by the success with the produc
tion of ferroalloys. About 1900 Heroult in France and Kjellin in 
Sweden successfully applied many of the carbide plants to the 
production of high-quality steel as well as ferroalloys. Since then, 
because it is more economical and gives larger masses of metals of 
uniform composition than the crucible process, the electric furnace 
has almost entirely replaced the crucible process for the production 
of "fine steels" 11 - i.e., high-grade carbon steels and the highly 
complex alloy steels, such as tungsten steel. The electric furnace 
is also constantly encroaching upon the domain of the open-hearth 
fuel furnace in the production of structural alloy steels for auto
mobile and airplane parts. There is a growing tendency toward 
the adoption of the "cold melt." Further, the electric furnace 
has also been used somewhat to replace or supplement the open
hearth and converter processes for producing "tonnage" steel. 
In general, the advantage of the electric furnace is that it aIIows 
the use of less pure materials, while producing higher quality steel 
than the fuel furnace. But for "tonnage" production the electric 
furnace is economical as an alternative to fuel heating methods 
only in situations where fuel is quite dear and electric power rela
tively cheap. Actual replacement of fuel furnaces has been rare. 
However, there has come into increasing use a "duplex" process 
whereby steel is produced in bulk by SUbjecting it first to a pre
liminary refining in open-hearth furnaces or Bessemer converters 
and then transferring it in liquid form to the electric furnace for 
further refining.a2 The electric energy is usuaIIy generated by 

• Professor S. S. Stratton is responsible for tbe term "fine steel." He has sup
plied much of my information on tbe electric furnace in various branches of tbe 
steel Industry. See his unpublished doctoral dissertation, "Some Chapters on tbe 
Development of tbe Fine Steels Ind,ustry in tbe United States," Harvard University, 
1930 • 

• In 1908 tbere was but one electric furnace in tbe United States. Pring reported 
287 in operation in January 1919 (The Eledric FUl"1J4Ce, p. 272). 
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gas engines driven by blast furnace gas. Most of the steel rails 
made in this country are now manufactured by this "duplex" 
process. It has enabled the Bessemer process to hold its own as a 
competitor of the open-hearth in the face of more exacting re
quirements in the quality of steels for rails and other products. 
Stassano, Heroult, Keller, and others built successful furnaces for 
electric smelting of iron ores, but industrial application has re
mained small, owing to the high efficiency of the fuel process al
ready in existence. Large-scale operations have been carried on 
for several years in Norway, Sweden, and California, however, 
and electric smelting of iron ores appears to be gaining slowly. 

Metal grinding and polishing has been revolutionized by car
borundum, which has also enjoyed wide application as a refractory 
for lining various types of furnaces in which high temperatures 
are developed. Its high thermal conductivity renders it useful in 
the construction of furnace muffles which are required to transmit 
heat. Fused alumina or artificial corundum (sold under such 
names as alundum and aloxite) has proved a more satisfactory 
abrasive than the natural compound. Though less hard than 
carborundum, it is also less brittle, and therefore more efficient 
in grinding steel and malleable iron. It is also receiving increasing 
employment as a refractory in the form of crucibles and tubes. 
The Carborundum Company has lately reduced silicon in the elec
tric furnace and now manufactures it for use in steel production, 
in the chemical industries, where its high resistance to acids is 
advantageous, and in the making of hydrogen. "Pyrex" dishes 
are electric-furnace products containing 80 per cent silica. Artifi
cial graphite, because it is infusible and incombustible except at 
extremely high temperatures, is used extensively for crucibles and 
electrodes. It can be employed in the form of electrodes in fused 
alkali and aqueous solutions, and possesses electrical conductivity 
four times that of the best carbon electrodes. Furthermore, it 
can he readily machined with accurate threads, so that it can be 
connected up for structural purposes. Colloidal graphite in a 
medium of water or oil presents a useful lubricant for bearings. 

Electrolytic reduction of sodium from fused sodium hydroxide 
drove out the chemical process for sodium products soon after 
Castner's invention. Sodium, however, has only restricted uses, 
and it is in the development of the production of chlorine and 
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caustic soda that electrolysis of the alkalis has gone farthest. 
Electrolytic decomposition of common salt (sodium chloride) in 
aqueous solution yields chlorine and caustic soda. Chlorine is 
used largely in making bleaching powders. Many paper mills and 
other large users of bleaching powders have installed electro
chemical plants to produce chlorine. Electrolytic caustic soda has 
largely t:eplaced the products of the older methods. Electrolysis 
of salt also produces sodium hypochlorite, which is employed as 
a bleaching agent and for disinfecting purposes. The decomposi
tion of potassium chlorate, used extensively where a strong oxidiz
ing agent is needed, is obtained by electrolysis. 

The most important of the more recent developments of elec
trochemistry seem to be the various electric furnaces for the 
fixation of atmospheric nitrogen into cyanides, cyanimides, or 
nitrides. Oxidation of ammonia to produce nitric add is another 
electrochemical industry of growing significance. The electric 
current has a wide use to produce ozone from oxygen for use in 
water-purification plants. The attempts to apply electrometallurgy 
to metals other than those already mentioned have not met with 
success until quite recently. Electrolytic extraction of zinc from 
aqueous solution has lately begun to achieve a considerable degree 
of success, especially with complex ores containing lead and 
silver. An extensive development has also occurred in the elec
trolytic reduction of copper from aqueous solutions of copper ore. 
Electric smelting of copper and tin ores has been carried on to a 
slight extent only. Electrolytic gold refining now finds a wide 
range of employment. Electroplating of several metals has devel
oped into an important industry. Magnesium is produced solely by 
electrolysis. This light metal is useful in alloys (e.g., magnalium, 
an aluminum-magnesium alloy, and Elektron) and will probably 
have an increased demand as aviation develops. The preparation 
of phosphorus and carbon bisulphide is now conducted almost 
wholly by electrothermal processes. 

An interesting by-product of electrochemistry was described 
by Professor Richards in his presidential address to the American 
Electrochemical Society in 1903. 

Such organizations as research companies, formed explicitly to combine re
search with practical application, are novelties in the industrial world which 
have originated with, and are almost peculiar to, electrochemistry. They in-
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vent, investigate, and develop electrochemical processes, and furnish facilities 
to would-be experimenters whose ideas might otherwise remain stillborn. 

Industrial electrochemistry has thus branched far in many di
rections since the beginnings which were occasioned by interest 
in aluminum reduction. Some of the more important products and 
their applications have been noticed here, but it would require 
several volumes to describe all the ramifications and the reper
cussions upon the industrial structure. The importance of this 
new group of industries for the development of the most spectacular 
child of the twentieth century is well explained by Mr. Tone of the 
Carborundum Company. 

The mechanical perfection of the automobile and the interchangeability of 
its parts have been made possible by the modem grinding wheel. Practically 
every part of the automobile must be ground with artificial abrasives at some 
stage of its manufacture. Take away from the automobile industry artificial 
abrasives and other products which the chemist has made available to it by 
the electric furnace, such as aluminum, alloy steel, and high-speed steel, and 
the labor cost of building a car would become prohibitive. The industry would 
cease to exist on its present lines. 
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PATENT LmGATION IN THE UNITED STATES 

THE first fifteen years of the electrolytic aluminum industry 
witnessed continuous litigation in the United States to settle con
flicting claims to participation in the profits of the new industry. 
This litigation is of interest in connection with the question of the 
participation of several persons in the same invention and the dis
tribution of rewards. It also bears upon the relation of patents to 
monopoly. 

Charles M. Hall succeeded in reducing pure aluminum by 
electrolysis in February 1886. He filed his first patent applica
tion in the following July. In the course of correspondence between 
Hall and the Patent Office several apparatus claims were disallowed 
as being mere aggregations of well-known apparatus. S. C. Mas
tick, lecturing on chemical patents, states:1 

We have seen that the various parts of his apparatus were all old and that 
the essence of his invention consisted in fusing a compound composed of the 
fluorides of aluminum and of a metal more electropositive than aluminum, dis
IOlving alumina therein and passing an electric current through the fused 
mass. It may be that at this point of time Hall himself did not appreciate 
that the process, regardless of the form of apparatus used, was the broad and 
valuable invention." 

During the correspondence with the Patent Office an interference 
was declared between the application of Hall and one filed by 
Heroult, who had independently discovered the same process in 
France. It was settled in favor of Hall because the date of actual 
success with his process (February 23, 1886) preceded the filing 
of Heroult's application. Patent number 400,766 was issued to 
Hall on April 2, 1889.1 It contained three claims, all process 

• For this discussion of the patent litigation I have drawn heavily upon a series 
of lectures given in 1915 by Seabury C. Mastick, special lecturer on chemical 
patents, Department of Chemical Engineering, Columbia University. The aluminum 
litigation wu treated quite fully in these lectures, which are reprinted in Industrial 
.1Id EngiJlUrmr Cltemist", VU, ,89, 8'9, 984,10'1 (September to December 1915). 

"Ibid .. vu. 881 (October 1915). 
"In the interim Ball had amended his original application in some respects. The 

only chance of importance seems to have been specifying carbonaceous anodes 
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claims, viz.: (I) a bath of "fluorides of aluminum and a metal more 
electropositive than aluminum," and passing an electric current 
through the fused mass; (2) fluoride of sodium as the metal more 
electropositive than aluminum, and the use of a carbonaceous 
anode; (3) fluoride of lithium as an additional or alternative in
gredient of the bath. 

In the meantime Hall, who was without resources, had made 
several attempts to secure the financial backing necessary to per
fect his invention for industrial operation. In the summer of I886 
he worked in Boston, where his brother had been able to raise a 
little money to defray expenses. After four rather discouraging 
months the inventor found his backing withdrawn and returned 
to Oberlin, where he used a large bichromate-sulphuric acid battery 
constructed by himself. The results of his work there were so 
encouraging that he went to Cleveland in December and attempted 
to raise funds for work on a larger scale. A decided lack of in
terest upon the part of Cleveland capitalists .combined with the 
interference declared about this time by the Patent Office, and not 
immediately settled in his favor, led the disheartened inventor to 
enter into an optional agreement to sell his patent to the Cowles 
brothers, whom he had met during the preceding summer. Hall 
was to have current and facilities for experiment at the Cowles 
works at Lockport, and was to receive one-eighth interest in the 
Cowles company in the event that they decided to purchase. He 
worked at Lockport from the summer of I887 until July I888, en
deavoring to perfect his process. It was during these months that 
there emerged a difference which may at first have been merely 
a difference of opinion, but which "later developed into an acri
monious dispute between Hall and the Cowles brothers over the 
right to fundamental parts of the reduction process as it was finally 
developed. Previous to his Lockport work Hall had employed 
external heat to fuse the bath in his crucible and keep it in fusion. 
His patent applications specified an externally heated crucible, 
although he had included a statement similar to the following 
quotatipn from a letter written to his sister in August 1886. "Also 
it is evident from the experiments that the waste heat of electricity, 
which must be used anyway,'will be nearly, if not quite, enough 

rather than copper, which bad not proved satisfactory. Four other patents covering 
minor details of the process were issued at the same time. 
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to keep the solvent melted." 4 At Lockport he continued to use ex
ternal heat. Furthermore, at this time he was employing copper 
anodes, as he had done from the beginning. According to Mr. 
Mastia, the Cowleses believed that internally heated crucibles 
with carbon anodes were necessary, and internal heating was 
alleged to be within the scope of certain prior Cowles patents and 
applications! . 

Testimony concerning the results of Hall's work at Lockport 
is contradictory. He himself relates that he experienced difficulties 
with his process for a time, but "after finally overcoming the 
difficulties which I have mentioned, I made several pounds of alu
minum in small crucibles which I showed to Mr. Alfred Cowles and 
gave him all the facts in relation to the same, but he was not in
terested."· Mr. Cowles is reported as stating that the results, as 
far as they saw, were not sufficiently encouraging; 'I while it is said 
that Hall alleged that the current at his command was so small 
that he could not show the results which would come with larger
scale processing.· However this may be, the Cowleses allowed the 
option to lapse in July 1888. 

One of their metallurgists, Romaine Cole, was interested, how
ever. Before Hall left Lockport, Cole resigned and went to Pitts
burgh, where he was able to gain the support of Captain Alfred 
E. Hunt of the Pittsburgh Testing Laboratory. Hall's arrival in 
Pittsburgh at the close of July was followed within a few weeks 
by the organization of the Pittsburgh Reduction Company, with 
Captain Hunt as its president. A capital of $20,000 was subscribed 
by Hunt and his associate, Mr. Clapp of the Pittsburgh Testing 
Laboratory, and four other Pittsburgh men. On the following 
Thanksgiving Day production was begun in a small plant in Pitts
burgh. Apparently, external heating was employed for a short 
time, during which no startling success attended, and then was 
abandoned in favor of internal heating by electric current,. which 

'III Fed. Rep. 754-
a/rad .. ,ri4J orad B .. gifturiftg C/umiser,. vn. 986 (November 1915). 
• Remarb of Mr. Charles M. Han in acknowledgement of the Perkin Medal 

(ibid •• III, 148. MardlI9u). Cf. also Han's report to the Cowles company, printed 
in ... ,.,..;._ Irad .. "7. I. 21; and statement in an anoDymous biography of Hall that 
be wu able to produce aluminum at Lockport "in nearly as large a quantity. in 
proportiOD to the power employed, as had ever heeD doDe siDce" (A.11I"'; .. 1I ... World. 
J. 66, January 189S). • B1u'roc"-"calIJUl .. er,. I, 10 (September 1«)02). 

a Ibid. Cf. also report of Han cited above. 
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immediately proved more effective.' Carbon anodes were sub
stituted for copper by Hall at some time during the early months of 
his work with the Pittsburgh Reduction Company. Progress dur
ing 1889 and 1890 was rapid. 

Probably the future success of electrolytic aluminum was per
ceptible to the Cowleses, experienced as they were in electro
metallurgy. As 'soon as Hall departed they had begun experiments 
with cryolite and alumina, keeping the bath fused by electric cur
rent. For a while attempts were made to merge the two companies. 
When this failed, the Cowles company threw down the gauntlet 
with a determined gesture. First they brought suit against the 
Pittsburgh company, alleging infringement of certain Cowles 
patents. They claimed prior invention and application of the use 
of electric energy to fuse ores preparatory to reduction.1o Their 
next move is described by Judge Taft. 

The evidence leaves no doubt that the defendant company [the Cowles 
company] began their manufacture of pure aluminum in January 1891, with 
the aid of one Hobbs, who had been the foreman of the complainant com
pany, and engaged for it in superintending the manufacture of aluminum by 
the Hall process.ll 

Hitherto the Cowleses had made and sold only aluminum alloys. 
Now they began to advertise pure aluminum at prices which under
cut the Pittsburgh company's charge of $1.50 a pound. A short 
price war ensued, bringing the price down to $1 by the middle 
of March. At this juncture the Pittsburgh Reduction Company 
entered the legal arena with a countersuit alleging infringement of 
the Hall patent and praying for a preliminary injunction. Judge 
Ricks, of the Circuit Court of the Northern District of Ohio, 
denied a complete injunction but issued an order' restraining the 
Cowles company from increasing its output during the trial of the 
suit and from selling below a price to be named by the com
plain~t.12 

-Mastick, in Industrial and EngiMering Chemistry, VU, 986 (November I9I5). 
Cf. Alu",inu", Industry, 1,24. 

"E. P. Allen, "The Production of Aluminum," C/JSsier's MagasiM, I, 419 (Feb
ruary 1892). This suit neve! went beyond the filing of bills in the Circuit Court at 
Pittsburgh. ~ 

l1Opinion in Pittsburgh Reduction Company v. Cowles Electric Smelting and 
Aluminum Company; quoted from Mastick., op. cit., p. 989. 

B The Pittsburgh company named $1.50 as the price, but this was lowered to 50f 
in August to meet foreign competition. 
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The outcome of the suit was favorable to the Hall interests. 
Judges Taft and Ricks handed down an opinion on January II, 

1893, holding the Cowles company to be infringers and ordering 
the payment of $292,000 damages to the Pittsburgh Reduction 
Company. This sum was never paid because attempts to secure 
a rehearing lasted until another suit had turned the pecuniary 
tables. The results of this first case established the Hall company 
as the sole producers of aluminum in the United States by the 
electrolytic method, the only method then in commercial use for 
producing pure aluminum. 

Nevertheless, the Cowleses were not willing to regard this de
feat as final. Rather they pushed the struggle in the courts for 
another decade. The litigation concerned the ownership of the 
Bradley patents, which were believed to dominate the Hall patent, 
and the infringement of the Bradley patents by the Pittsburgh 
Reduction Company. Apparently the Cowleses had concluded 
after the adverse decree of 1893 that their own patents could not 
be used successfully in fighting the Pittsburgh company. At that 
time they had certain claims to two patents which had just been 
issued to Charles S. Bradley. The brothers had come into contact 
with Bradley in 1895 when the Patent Office declared an inter
ference between some of their respective patent applications. Brad
ley sold out to the Cowleses. At this time there stood rejected 
at the Patent Office an earlier application of Bradley's, filed Feb
ruary 23, 1883, relating to the separation of metals from highly 
refractory ores which were nonconductors in an unfused state, by 
using the electric current to fuse, maintain fusion, and decompose 
by electrolysis. The use of this process for aluminum reduction was 
specifically claimed. The rejected application was brought to the 
attention of the Cowleses, and was the subject of a discussion be
tween them and Bradley before a contract was finally signed 
which, in quite broad language, conveyed to the Cowleses "all 
interest in any and all discoveries and inventions relating to elec
tric smelting processes and furnaces, and all patents they [Bradley 
and an associate] have obtained therefor and all applications now 
pending, and caveats on file, in the United States Patent Office, re
lating to electric smelting processes and furnaces, which do or may 
interfere with any application for patents made by Eugene H. and 
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Alfred H. Cowles of Cleveland, Ohio, now pending in the United 
States Patent Office." 13 

Bradley's application of 1883 lingered on in the Patent Office, 
with no interest shown in it by the Cowleses, until 1892, when the 
Board of Examiners-in-Chief allowed the issuance of two patents 
which Bradley promptly assigned to G. P. Lowrey.14 The latter 
brought suit to restrain the Cowles company from claiming title 
to these patents, to which the company replied with a cross-bill 
praying that Lowrey be enjoined from claiming the title. Judge 
Taft held in the Circuit Court decision, rendered April 23, 1895, 
that the Bradley patents were not intended to be conveyed by the 
assignment of May 18, 1885.15 The Circuit Court of Appeals, 
Judge Severenz delivering the opinion, reversed the lower court, 
holding that the inventions were intended to be included in the 
terms of the contract of 1885.16 Immediately upon receiving title, 
the Cowles interests again took up the legal cudgels against the old 
rival in Pittsburgh, alleging infringement of the Bradley patents.u 
The Circuit Court finally dismissed the bill in October 1901, hold
ing that the Hall process did not infringe.1s Having become used 
to defeat in the lower courts, the Cowleses at once appealed the 
suit, and were rewarded two years later with a verdict that one of 
the Bradley patents had been infringed. 

The judges of both courts were in, .apparent agreement that the 
novelty of Hall's process or the essence of his invention consisted 
in the discovery that alumina would dissolve freely in cryolite. The 
process actually operated by the Pittsburgh Reduction.'Company 

D Quoted by Mastick, op. cit., p. 1072 .. 
KPatents no. 464,933, issued December 8, 1891, and no. 468,148; issued February 

2, 1892. Lowrey, a shrewd patent attorney, had evidently hunted out this Bradley 
application and pushed it through. When the patents issued, Lowrey immediately 
notified both the Pittsburgh and the Cowles companies that they were infringers. 
An interesting side issue in the struggle between this attorney and the Cowleses 
over the Bradley patents was a shift from the Cowleses to Heroult, engineered by 
Lowrey, on the part of a group of Berlin capitalists whom the Cowleses had got 
together for the erection of an aluminum works in Switzerland which was to be 
operated under Cowles patents . 

.. 68 Fed. Rep. 354 (1895). 
10 79 Fed. Rep. 331 (1897) . 
.. Electric Smelting and Aluminum Company v. Pittsburgh Reduction Company, 

III Fed. Rep. 742. The Electric Smelting and Aluminum Company had been recently 
formed by. the Cowles interests. The old Cowles Electric Smelting and Aluminum 
Company continued its existence as a subsidiary of the new company. 

:18 III Fed. Rep. 742 (19°1). 
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involved also simultaneous fusion and electrolysis by the electric 
current. Did this constitute infringement of the Bradley patent? 
The chief issues stressed in both opinions were two: (I) whether 
the construction to be placed on Bradley's patent should be broad 
or narrow; (2) whether the Hall process as operated employed 
electric energy in excess of the amount necessary for electrolysis, 
the excess being used for heating to fuse and maintain fusion. The 
judges of neither court were altogether successful in avoiding con
fusion with respect to the electrochemical relations which con
tinually intruded upon the legal domain. In a muddled opinion 
which occasionally confused the two issues, Judge Hazel of the 
lower court concluded that the proper construction to be placed on 
the Bradley patent was too narrow to cover Hall's process, and 
that "the heat required to maintain fusion is obtained by the heat 
radiation, and from such sources as are incidental to the use of 
the process, and not from any independent process of electric 
heating." 

Judge Coxe of the Circuit Court of Appeals, with his two asso
ciates concurring, delivered a clearer opinion, well ordered, more 
careful in logiC.111 After a survey of the prior art, which seems 
to be more penetrating if no more exhaustive, he concluded that 
the Bradley patent should have a liberal construction. Starting 
with the undisputed fact that before Bradley's work no one had 
ever been able to separate aluminum from its compounds solely 
by the use of electricity - i.e., without the employment of ex
ternal heat - Judge Coxe went on to show that although it was 
previously known that metals contained in ores which were con
ductors could be separated therefrom by electricity, the problem 
of dissociating metals from nonconductors by this method had not 
been solved. The ores of aluminum are nonconductors at ordinary 
temperatures. 

The principal expert for the defendant, Dr. Chandler, whose reputation for 
learning and ability is well known to the courts, although of the opinion that 
alight modifications of the previous methods would produce the Bradley 
process, nevertheless admits frankly, "I do not recall anyone process which, 
when applied to the ore of aluminium, would without any modification what
ever have produced aluminium, in which process both the fusion and the 
electrolysis would have been accomplished by the electric current."20 

• Electric Smeltiq and Aluminum CO. Y. Pittsburgh Reduction Co. on appeal 
(liS Fed. Rep. 926), decided October 20, 1903. -uS Fed. Rep. 932. 
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From Davy to Bradley no one had been able to produce any 
aluminum by electricity alone. The efforts of inventors were di
rected to the perfection of external heating processes, even after 
the introduction of dynamos; and, indeed, these efforts continued 
for several years after the Bradley invention. Hall himself em
ployed external heat until 1889. The Court disposed of the first 
issue by concluding: 

We are unable to discover anything in the prior art describing this process 
or anything closely approximating thereto. The patent is, therefore, not an
ticipated, and its claims are entitled to a liberal construction. 

The Judge of the Circuit Court, after a careful and painstaking research, 
reached .the conclusion that Bradley had made a valuable invention, but 
failed to grant relief to the complainant upon the theory that the process 
which the defendant uses was an entirely separate invention, neither de
pendent upon nor subsidiary to the invention of Bradley. In this we think 
there was error. Hall's achievement should be considered in the light of an 
improvement upon Bradley's fundamental discovery.21 

In taking up the second issue Judge Coxe stated that considera
tion of the Hall patent to which the court below had devoted much 
time was irrelevant, since the patent was not issued until 1889 and 
did not disclose the process which. the Pittsburgh company used 
and of which the complainant complained. The material fact was 
that Hall's discovery that he could dispense with external heat 
came at least three years after Bradley's invention: Upon the 
question of excess energy beyond that necessary for electrolysis 
the Court believed that a current which fuses, maintains fusion, 
and electrolyzes must be of greater power than one which electro
lyzes alone. The fact that the Bradley process was actually 
operated commercially in the United States. arid abr:oad is ad
duced.22 In sum, when the proper ,construction is placed upon the 
Bradley patent, it was seen to be infringed because some of the 
electric energy was used to fuse and maintain fusion. 

It is, of course, an indisputable fact that a substantial portion 
of the electric energy is converted into heat which results in 
constant fusion. 

There are, however, certain electrochemical processes in which electrical 
energy is used both for heating and for effecting electrolytic resolution; the 

1Il 125 Fed. Rep. 932 (quoted by Mastick, op. cit.). 
II Probably the reference was to operation by the Cowles firm before it had 

acquired legal title to the Bradley patent. 
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most noteworthy instance is in the manufacture of aluminium by electrolysis 
of alumina dissolved in a double fluoride of aluminium and sodium. The bath 
is not only decomposed electrolytically, but is also kept fused by heat obtained 
at the expense of electrical energy passing between the electrodes.23 

Indeed the conversion of electric energy into heat is inevitable 
in this electrolytic process. Professor Richards has explained that: 
• . • it is impossible to pass any current whatever through an electrolyte 
without generating some internal heat in it, and therefore the question as to 
whether the heat thus generated internally shall be sufficient alone to keep the 
bath melted, at the proper temperature, is merely a question of increasing the 
size of the pot and the scale of the operation.24 

It is clear that Hall obtained internal heat by this expedient. 
Either Hall's invention was not a complete one in the first in
stance, because he failed to realize that the electric current would 
fuse and maintain fusion as well as decompose,25 and hence con
tinued for some time to employ external heating, the use of 
which hindered him from increasing t)1e size of the pot and the 
scale of the operation to the point where this principle would be 
made manifest; 48 or, recognizing the principle, with or without 
knowledge of Bradley's work, Hall was unable at first to' apply 
it satisfactorily, and hence did not specify it in any of the patents 
which were issued to him in 1889; or else he did not consider 
that it could be or should be patented.2T Whatever was true of 
Hall, Bradley - and perhaps the Cowleses - had recognized the 
importance of this principle earlier. 

The question whether Hall had benefited from Bradley was 

-Bertram Blount, Pr/JClktJl R1ectro-chemistr" (New York, 1903), pp. 24, 161 fl. 
See 8110 A. J. AIImand and H. J. T. Ellingham, The Principks 0/ Applied Eledro
chemistr" (New York, 1924), pp. 521 II.; J. W. Mellor, A Comprehensive Treatise 
Oil IJIDf',aJlic alld TheorelktJl Chemistr" (London, 1924), I, 166; Richards, Alu
"';";um, p. 383; Minet, The ProducUOfI 0/ Aluminium, pp. 19 II. 

• Aluminum World, VIll, 132 (April 1902). 
- This opinion was expressed by Professor F. Haber in reporting to the Bunsen 

Society of Germany upon the industrial development of electrochemistry in the 
United States after 8 visit to this country sponsored by the Society. 

• Dr. F. RegeIsberger says that of the four inventors Hall, Minet, Killani, and 
H~roult, the latter two alone recognized early that external heating could be re
placed by means of 8 stronger current. ruroult specified this in his British patent. 
See Aluminium, VII, Heft 9, p. I (May 16, 1925). 

• Upon one occasion Hall characteriled this principle as resulting "from 8 law of 
nature and Dot from any invention." See his remarks in acknowledgement of the 
Perkin Medal, reported in IlIdudritJl alld En,;neerin, Chemistr", III, 148 (March 
1911 ). 
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immaterial to a decision upon infringement. The same may be 
said of the question whether, at the scale upon which the Hall 
process was being operated, just the amount of energy required 
for electrolysis would necessarily generate just the amount of 
heat necessary to maintain fusion properly. The only possible 
construction for the Bradley patent, except a construction which 
would have nUllified it, would appear to be that it covered any 
use of the electric current to secure internal heat for fusion 
simultaneous with electrolysis of aluminum and other substances 
specified, whether such generation of heat was unavoidable or 
not. The fundamental question is whether Bradley should ever 
have been granted a patent for 'his process.28 As issued, the 
patent, if construed to mean anything, must necessarily have been 
infringed by. the Hall process. 

The final decision iil this suit involved a judgment of nearly 
$3,000,000 against the Pittsburgh Reduction Company as in
fringers since 1892. A few months prior to this holding the 
Cowles group had succeeded in having the old case, in which 
Judge Taft had enjoined the Cowles company from manufactur
ing pure aluminum, reopened for the introduction of new testi
mony and reargument. The sum decreed against them by Judge 
Taft had never been paid because of litigation. Now a final 
agreement between the two companies settled the whole con
troversy. The Pittsburgh company paid a sum of money some
what less than the damages awarded. It was agreed that this 
company should have the monopoly of aluminum manufacture 
until the expiration of the Bradley patent in February 1909, and 
should work under a license, paying royalties. The Cowles com
panies agreed not to manufacture pure aluminum but could buy 
and sell all grades of aluminum.2D As far as the inventors were 
concerned the outcome was not, perhaps, far removed from the 
attainable optimum of human justice. Hall and his associates, 
who had actually made a commercial success of electrolytic alu-

, .. This is a question upon which I am not competent to pass judgment. In the 
view of this controversy given by J. D. Edwards in Aluminum Industry, I, chap. 
IT, it is stated that Bradley never operated his process and it is implied that in the 
light of this fact and the state of the prior art this "paper patent" should not have 
been issued. 

-The Cowles companies were, of course, free to continue the manufacture 'of 
aluminum alloys. 
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minum, remained alone in the field. The Cowleses, who had 
played a conspicuous part in the early development of electro
chemistry, and who may have had some influence upon Hall's 
success, received a cash reward. And Bradley, who at least seems 
to have been the first in this country to grasp the importance of 
the idea of simultaneous fusion and electrolysis of aluminum, re-
ceived recognition. . 

The patent controversy and its outcome were a typical instance 
of the industrial development of inventions under a system of 
patent law. As the Engineering News remarked: 

The situation is simply one which constantly recurs in the history of inven
tions, in which an inventor whose work reaches commercial success finds that 
he must settle with the owner of some earlier pioneer patent, whose claims are 
entitled to a broad construction.-

In its relation to monopoly the result of this litigation was of 
considerable significance. What may have seemed to the Pitts
burgh Reduction Company a severe blow was transformed some 
time later into an undisguised blessing. The license to operate 
the Bradley patent extended the period of legal monopoly past 
the business boom of 1906-1907 into the middle of the succeed
ing depression, and really gave the company three extra years in 
which to become so well fortified against competition that none 
developed. Furthermore, the decision of the victors to refrain 
from the manufacture of pure aluminum removed the most logical 
competitor. Mr. Alfred Cowles and his associates were probably 
better fitted by experience to enter this new industry than any 
other group of men in the country, except those already operat
ing the Pittsburgh enterprise. A study of the patent struggle also 
makes it clear that the electrolytic process was so simple in its 
elements as to permit no possibility of patenting modifications or 
variations upon the basis of which a competing enterprise might 
operate. 
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INVESTMENT AND EARNINGS OF THE ALUMINUM COMPANY 
OF AMERICA, 1909-1935 

ANNUAL financial reports have been published by the Aluminum 
Company of America only since the year 1926. Materials from 
which estimates of investment and earnings may be derived for 
the years 1909-1926 are composed of the following sorts of in
formation: (I) approximate figures for particular years given to 
government bodies by the company; (2) general statements in 
security advertisements that earnings, before or after interest 
as indicated, exceeded, equaled, or did not fall below certain sums 
in certain periods or particular years; (3) balance sheets for the 
years 192C>-1924 submitted to the Department of Justice and 
printed in the Benham Report, p. 92; (4) records of interest and 
dividend payments, and fragmentary records of capital expendi
tures; (5) study of market conditions. The object of the study 
is to ascertain approximately the average ratios of earnings to 
investment in certain periods. Earnings signify net earnings of 
capital after operating expenses, including depreciation, depletion, 
taxes, and interest on current debt, and before interest on funded 
debt. Investment is equivalent to total assets less depreciation 
and depletion.l In order to obtain average investment during 
each year, investment at the beginning and end of each year has 
been averaged, except in the case of years during which assets or 
securities were bought or sold. In such instances averages of in
vestment during appropriate periods of each year have been 
computed. 

With regard to the period prior to 1927 there have appeared 
figures of jnvestment at the end of 1908, 1910, 1911, 1912, 1916, 
each year 192C>-1924, and 1926, and data on earnings for the 
years 1909-1912, 1916, 1921, and 1924-1926.2 .Other informa
tion about earnings is as follows: 

1 No good-will item or other questionable asset account appears on the balance 
sheets of the Aluminum Company. Assets of "non-consolidated" subsidiaries are 
represented in the investments account. 

• Sources are given in the notes to Table 37. 
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19I5-1924-Average annual earnings after interest were 

$9,S43,I33·33.' 
I9I7-1926-Average annual earnings before interest ex

ceeded $12 ,000,000.' 
I9II-I920-Average annual earnings after interest ex

ceeded $10,000,000.' 
1916-1919 - Earnings after interest were in no year less 

than $10,000,000.' 
19I5-19IS-Earnings were in no year less than $8,000,-

000.' 

The general method used is shown in the following summary 
of figures. 

Total earnings after interest, 1915-1924 .......... . 
Total earnings paid as interest on funded debt, 

1915-1924 .................................. . 
Total earnings, 1915-1924 ...................... . 

Less Earnings, 1915.......... $9,000,000 (estimated) 
Earnings, 1916 .......... $20,000,000 (official) 
Total earnings, 1915-1916 $29,000,000 ........... . 
Total earnings, 1917-1924 ....................... . 

Less Total earnings, 1921-1924 (figures for 1921-1923 de-
rived from comparing balance sheets; figure for 
1924 given by the company) ................. . 

Total earnings, 1917-1920 ........................ . 

Total earnings after interest, 19II-1920, equal at 

$98,431,333 • 

$9,297,500 • 
$107,728,833 

$29,000,000 
$78,728,833 

$30,425,300 
$48,3°3,533 

least to ...................................... $100,000,000 
Total interest paid on funded debt, 19II-1920. .. .. . $1,500,000' 
Total earnings, 1911-1920 ........................ $101,500,000 

Less Total earnings, 1917-1920 $48,303,533 (above) 
Total earnings, 1915-1916 $29,000,000 (above) 
Total earnings, 1911-1912 $<),560,000 (official) 

$86,863,533 $86,863,533 
Total earnings, 1913-1914.......... .............. $14,636,467 

• NIVI Yori Timu, October '9, 1925, p. 38. 'Ibid., February 7, 19'7, p. 28. 
• Wall S'red JDIII'fIGl, October 3, 1921, p. 3. 
'C __ dal a1l4 PiJliJndal ChrDnkle, CXI, 1853 (November 6,1920). 
'Ibid., CVIII, 880 (March I, 1919). 
• This figure represents ten times the lIDDuaI earnings after interest officially 

reported for that period. It does Dot appear whether the operating loss of about 
• (See page S40 for Dote 9.) 



540 MA~ET CONTROL IN THE ALUMINUM INDUSTRY 

The indicated total net earnings for each of the several periods 
were distributed over the individual years in accordance with 
considerations suggested by changing conditions. Growth in 
investment was estimated by calculation of reinvested earnings 
and additions to assets from sales of new securities. Recent testi
mony implies~at there has been no substantial revaluation of 
any assets upward in the period covered by this study.10 Some 
discussion of estimates of investment and earnings in certain 
periods is appropriate. 

1913-1920 

Figures of investment at the end of the years 1912, 1916, and 
1920, and of earnings in the year 1916 have been given by the 
company. Figures for other years have been estimated according 
to the method just described. Investment grew from about $30,-
000,000 at the end of 1912 to about $80,000,000 at the end of 
1916. The sum of the indicated reinvested earnings in these 
years is only $39,000,000. Apparently no new securities were 
sold. At the end of 1920 investment had increased to approxi
mately $158,000,000. During the four years 1917-1920 reinvest
ment totaled $38,000,000, according to my estimates, and the 
sale of notes added about $24,000,000. The indicated increase 
in investment is only $62 ,ooo~ooo, while the actual iIicrease was 
$78,000,000. During the' whole period 1913-1920 investment 
increased about $128,000,000, according to the company's fig
ures. Only $101,000,000 of this increase is accounted for by my 
estimates'· of reinvested earningS.. plus the proceeds of security 
sales.ll The balance sheet for December 31, 1920, shows current 
payable items equal to $16,00o,ooo~ If current payables stood at 
zero at the beginning of 1913 the part of the growth in investment 

$5,000,000 in 192I was taken into consideration in computation of the average. If 
it was, the total earnings after interest during the period 1915-1924 were $5,000,000 
larger. . 

• Calculated from data published in financial manuals. 
lD BMTC v. ACOA appellant, fo1. 5707. A small write-up in 1925 is referred to 

on the next page. 
11 According to figures supplied by the company the total capital expenditures by 

the Aluminum Company and its subsidiaries in this period amounted to about 
$102,000,000. See Hearings be/ore Senate Committee on Inllestigation 0/ Bureau of 
Internal Rellenue, 68 Cong., :I Sess., Part 10, p. 1852. 
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which is unaccounted for in this study would be reduced to $u,-
000,000. Evidently the estimates of earnings presented here for 
the period 1913-1920 are too low by at least this amount. 

1921-1935 

Figures of investment at the end of each year (except 1925) 
have been given by the company. An operating deficit of about 
$5,000,000 is reported for 1921. To this has been added an in
ventory loss of $5,000,000 suggested by examination of balance 
sheets, price data, and other information, on the chance that this 
loss may not have been included in the operating deficit. Earn
ings for 1922 and 1923 have been estimated after comparing bal
ance sheets and studying other relevant material. Comparison 
of balance sheets was rendered difficult by lack of information to 
explain changes in inventory items and reduction in plant ac
count. If the reduction in plant account of about $9,000,000 in 
1922 represented a simple write-down, the estimated earnings for 
the period 1921-1924 are too low by about that amount. Figures 
for earnings before interest in the years 1924-1926 were given 
by the company. Net earnings for each year thereafter have been 
computed by adding to the published figure of earnings after in
terest and taxes the annual interest payments required for the 
average amount of bonds outstanding in the year. Total invest
ment increased approximately $75,000,000 during the period 
1921-1929. Of this, $70,000,000 can be accounted for by the 
algebraic sum of indicated reinvestment of earnings, net pro
ceeds from security sales, and the diminution in current lia
bilities and sundry other items. This small discrepancy is about 
equal to an increase in the book value of marketable securities 
made at the time of the merger with the Canadian Manufacturing 
and Development Company in 1925.12 Examination of financial 
reports for the years since 1929 does not indicate any substantial 
write-down of assets or recapitalization other than bond retire
ments. 

In addition to the fact that the full growth of investment 
during the period 1909-1920, at least, does not seem to be ac
counted for with the estimates of earnings given in Table 37, 

UBMTC Y. ACOA appeDant, foL 5707. 
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there are other indications that the annual earnings and rates of 
return on investment were actually somewhat greater, during 
part of the time, at least, than the figures shown in the table. 
(I) The method used in making estimates of earnings in those 
years for which no official earnings figures appear has probably 
tended to understatement because lower rather than higher figures 
have been used in all cases of doubt. (2) The figures of Table 37 
do not include interest paid on current liabilities which is part 
of true earnings of total capital investment. Since payments on 
this item could be computed for a few years only, they were uni
formlyexcluded. (3) The investment and income of several par
tially or wholly owned subsidiaries were evidently not included 
in the consolidated balance sheets and income accounts of the 
Aluminum Company.13 Only such part of the earnings of these 
subsidiaries as was paid to the parent in dividends would appear 
in the income account of the latter. At the end of 1924 (the latest 
date for which we have information) the non-consolidated group 
included several important subsidiaries or affiliates, such as for
eign bauxite companies, the Norwegian aluminum firms, Alu
minum Manufactures, and the Aluminum Goods Manufacturing 
Company. (4) It appears that during the years 1912-1925 the 
Aluminum Company spent several millions of dollars in the 
acquisition and development o( foreign ore properties, particu
larly in South America. At the. beginning of 1925 the aggregate 
capitalization of these. subsidiaries seems to have been not much 
more than $1,000,000.14 It is possible that ,Some true earnings 
were used for these bauxite properties without entering the income 
or capital accounts of the parent or subsidiaries. (5) At the end 
of 1927 the reserve for amortization, depletion, and depreciation 
was equivalent to about 32 per cent of the undepreciated book 
value of liind, plants, and facilities. Three years later the corre
sponding figure was about 35 per cent, and at the end of 1934 it 
was about 37 per cent. More than three-quarters of the present 
capacity represented by dams and powerhouses 'seems to have 
been added since 1912, and at least half of the present capacity 
since 1925. Other facilities have been greatly enlarged in the 
last ten or fifteen years. True annual depreciation on hydro-

.. BR, pp. 92-<)6. 
"Ibid. 
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electric dams, powerhouses, and equipment is, of course, very 
small.'t Furthermore, the company has accumulated large re
serves of bauxite. Although the annual charges to depletion and 
depreciation may not have exceeded true charges since 1926-
they averaged slightly less than 3 per cent of undepreciated book 
value of land, plants, and facilities during the years 1927-1934 
- it is quite possible that the large reserve for depletion and 
depreciation contains a substantial amount of reinvested earnings 
which have not been included in the income figures. 

Sales and cost data appearing in the Benham Report '8 enable 
rough computation of earnings at the ingot stage - i.e., earnings 
upon all ingot, which is made up of ingot sold in that form and 
ingot sold in the form of later products. When the average price 
received for the metal sold as ingot is considered as the average 
price received for all ingot, the difference between this figure 
and the average cost of producing ingot (exclusive of any profit) 
constitutes the average profit per pound of ingot. Net earnings 
at the ingot stage may then be estimated by multiplying the total 
amount of metal sold in all forms by the average profit per 
pound of ingot. This computation indicates that in 1923 earn
ings at the ingot stage represented about 45 per cent of the total 
net earnings estimated for that year. In 1924 earnings at the 
ingot stage appear to be almost equal to the amount which the 
company reported as its net earnings on all operations, while in 
1925 earnings at the ingot stage during the first half year ap
parently represent more than 40 per cent of the total net earnings 
reported for the whole year, or perhaps 80 per cent of the net profit 
in the half year.17 It is not specified whether the cost figures, 
which have been used in the computation here, include seIIiilg 
cost and general expense or not. If they do not, profit at the 
ingot would, of course, be less. If one quarter of the total selling 
cost and general expense for 1925 18 is included in cost of ingot 

-1. D. 1ustin aud W. G. MerviDe estimate that the annual depreciation for 
typical bydroelectric plants will vary from 0.7 per cent to 1.5 per cent (PlIWer 
S .. ,,,y Banumtiu, P. 150) • 

.. Pages 47 IUld 118. 
B The company may, of COWIe, keep its books in such II18IlIIer that • higher rate 

of arniDp II shOWD OD the inftStmellt in fabricating facilities. 
-1'beIe apema for 1925 appear in Exhibits 58 aud 258 of BMTC v. ACOA 

appellant. 
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TABLE 37 

INVESTMENT, EARNINGS, AND RATE OJ'RETURN OJ' THE ALUMINUM COMPANY 

OJ' AMERICA, 1909-1935 

Investment Average 
at End of Investment Net Rate of 

Year- during Year b Earnings' Return 
Year ($x,ooo) ($x,ooo) ($x,ooo) (per cent) 

1908 $24,000" 
1909 27,000 • $25,500 $3,600 1 14.1 
1910 30,000 4 28,500 4,590 1 16.1 
19II 26,300 4 28,150 5,100 1 18.1 
1912 30,000 4 28,150 4,463/1 15·9 
1913 36,750 • 33,380 7,500' 22·5 
1914 43,130 • 39,990 7,500& 18.8 
1915 50,900 & 47,015 9,000& 19.1 
1916 80,000" 65,450 20,000" 30.6 
1917 91,750 & 85,880 14,000& 16·3 
1918 100,650 & 101,200 II,230 & II.l 
1919 120,880 ; 1I4,830i 10,500& 9.1 
1920 157,723.t 127,500 i 12,500& 9.8 
1921 145,331 .t 150,220 " 'def.lo,oool --6·7 
1922 134,188 t 139,760 3,000 & 2.1 
1923 145,016.t 139,600 14,000 • 1~.0 

1924 155,515.t 150,510 13,425 '" 8·9 
1925 190,000 8 170,000'0 22,892 '" 13·5 
1926 209,7168 203,260 ;. 19,747 til 9·7 
1927 250,170 'II 248,10b i 18,160 q 7·3 
1928 215,320 , ,235,000' 23,390 q 10.0 
1929 232,517 ' 223,220 ' 27,330 q 12.2 
1930 240,778 , 235,940 ' 13,630 q 5.8 
1931 245,133 ' 242,240' 6,495 q 2·7 
1932 237,438 , 240,500' def. 510 q -0.2 
1933- 233,452 , 234,660' 3,400q 1·4 
1934 228,3J7 ' 229,6:i:o' 8,100 q 3·5 
1935 221,703 ' 221,000 • 10,820 q 4·9 

- Total assets, except as otherwise noted. 
b Average of investment at beginning and end of year; or, in the case of 

years in which assets were sold, securities sold or retired, or the like, average 
of investment at different periods of the year • 

• Net earnings before interest oli funded debt but after interest on current 
debt and taxes. 
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~ Approximate figures given by an officer of the company (Tariff Hearings, 

1912-1913, House Document no. 1447, n, 1491 ff.). 
• Estimate by author. 
t Testimony of an officer of the company that earnings were approximately 

IS to 17 per cent of investment in these years (Tariff Hearings, loco cit.). It 
has been assumed that this meant IS to 17 per cent of investment at the 
beginning of each year. 

I Figure given in bond advertisement, waU Street Journal, Oct. 3,1921, p. 3. 
6 Approximate figure given by an officer of the company. See Congressional 

Record, LV, 4592. 
I Includes $12,000,000 increase in assets from sale of notes in 1919. 
i Average of investment at beginning of year and that amount plus reinvested 

earnings, adjusted for increase or decrease in assets due to sale or retirement 
of securities dliring year. 

t Figure from balance sheet in Benham Report, p. 92. 
I This deficit consists of an operating loss pf about $5,000,000 (FTC Docket 

1335, Record, p. 5240) and an estimated inventory loss of about the same 
amount. 

• Figure given in bond advertisement, New York Times, Feb. 7, 1927, p. 28. 
• No official figure for Dec. 31, 1925, is obtainable. Figures for Sept. 30, 

1925, and Dec. 31, 1926, appear in Exhibits 249 and 250, BMTC v. ACOA 
appellant. The figure for Dec. 31, 1925, has been computed by deducting from 
the investment at the end of 1926 the sum of the cash obtained by sale of 
notes in 1926 and the indicated reinvestment of earnings in 1926. 

• The figure for 1925 represents an approximate average of investment dur
ing several periods of the year separated to reflect changes in investment 
occasioned by the merger of .the Aluminum Company and the Canadian 
Manufacturing and Development Company on July 29 and retirement of 
$12,000,000 of notes on Nov. I. 

, Figure taken from annual report with deduction of preferred dividend pay
able next day. 

f Net earnings after all expenses incident to operations and reserves for de
preciation, depletion, income and franchise taxes from annual report, plus in
terest paid on funded debt computed from data in financial manuals. 

, The figure for 1928 represents the average of average investment in the 
periods before and after exchange of certain assets for stock of Aluminium 
Limited and distribution of that stock to shareholders of the Aluminum Com
pany. 

, Average of investment at beginning and end of year adjusted for retirement 
of bonds on March I. 

, Average of investment at beginning and end of year adjusted for retirement 
of bonds on March I and purchase of $924,000 of bonds during 1934 for retire
ment in January 1935. 

• Average of investment at beginning of year and that amount less deficit of 
$10,000,000, adjusted for retirement of notes. 

• Average of investment at beginning and end of year adjusted for retirement 
of $6,000,000 of bonds, September I, 1935. 
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for the half year, net profit at the ingot would approximate 35 
per cent of the net for the whole year, or perhaps 70 per cent 
of the half year's earnings. Similar calculations have been made 
for the years 1926 and 1928.19 When about half of the total 
sales and general expenses are added to the plant cost of ingot
probably a substantial overestimate - net earnings at the ingot 
stage appear to represent about 40 per cent of net on all opera
tions in 1926 and about 60 per cent in 1928. It is questionable 
whether the plant cost figures, taken from an exhibit of the Alu
minum Company do not include some itezns which are not a part 
of true cost from the standpoint of the question raised here. 

,. From data in Exhibits 58, 106, 117, 258, 291, 293, ibid. 
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DECREE 

In the United States District Court, Western District of 
Pennsylvania 

Session of 1912 

UNITED STATES OF AMERICA, Petitioner, 
v. 

ALUlONUK CoMPANY OF AMERICA, Defendant 

DECREE 

This cause coming on to be heard on this 7th day of June, 1912, 
before the Hon. James M. Young, District Judge, and the peti
tioner having appeared by its district attorney, John H. Jordan, 
and by Wm. T. Chantland, its special assistant to the Attorney 
General, and having moved the court for an injunction in accord
ance with the prayer of its petition, and it appearing to the court 
that the allegations of the petition state a cause of action against 
the defendant under the provisions of the act of July 2, 1890, 
known as the Anti-trust Act, that it has jurisdiction of the subject 
matter, and that the defendant has been regularly served with 
proper process, and has appeared in open court, by George B. 
Gordon, its counsel, and has given its consent to the entering and 
rendition of the following decree: 

Now, therefore, it is ordered, adjudged, and decreed: 

I. That sections 2, 4, and 5 of the agreement entered into as of 
date September 25, 1908, between the Societe Anonyme pour 
l'lndustrie de l'Aluminum of Neuhausen and the Northern Alu
minum Co. (Ltd.), acting on behalf of the defendant corporation, 
as follows, to wit: 

§ 2. The N. A. Co. agree not to knowingly sell aluminum di
rectly or indirectly in the European market. 
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§ 3. The A. J. A. G. agree not to knowingly sell aluminum di
rectly or indirectly in the American market. 

§ 4. The total deliveries to be made by the two companies shall 
be divided as follows: 

European market, 75 per cent to A. J. A. G., 25 per cent to 
N.A.Co. 

American market, 25 per cent to A. J. A. G., 75 per cent to 
N.A.Co. 

Common market, 50 per cent to A. J. A. G., 50 per cent to 
N.A.Co. 

The Government sales to Switzerland, Germany, and Austria
Hungary are understood to be reserved to the A. J. A. G. 

The sales in the U. S. A. are understood to be reserved to the 
Aluminum' Co. of America. 

Accordingly the A. J. A. G. will not knowingly sell aluminum 
directly or indirectly to the U. S. A. and the N. A. Co. will not 
knowingly sell directly or indirectly to the Swiss, German, and 
Austria-Hungarian Governments. 

§ 5. The N.A. Co. engages that the Aluminum Co. of America 
will respect the prohibitions hereby laid upon the N. A. Co. -

be, and the same are hereby, declared null and void, and that 
the defendant Aluminum Co. of America, and all its- agents and 
representatives in whatever capacity, are hereby perpetually en
joined from directly or indirectly requiring the parties to said 
contract to abide by its terms, and defendant is further enjoined 
from either directly or indirectly entering 'into, through ~aid 
Northern Aluminum Co., or any other person or corporation, and 
from making or ai<;ling in making any agreement containing pro
visions of the nature of those hereinbefore set out, in so far as 
they relate to the sale of aluminum in the United States, or its 
importa~on into or exportation from the United States, or any 
contractor agreement, either verbal or written, the purpose and 
effect of which would be to restrain the importation into the 
United States, from any part of the world, of aluminum, or alu
mina, or bauxite, or any other material from which aluminum can 
be manufactured, or to fix or illegally affect the prices of such 
aluminum, alumina, bauxite, or other material, when imported. 

2. That the fourth and eighth paragraphs of the agreement en-
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tered into, under date of July 5, 1905, between the defendant 
Aluminum Co. of America, under its former name, Pittsburgh 
Reduction Co., and the General Chemical Co., a corporation, 
which paragraphs read as follows: 

"Fourth. Said Chemical Co. further expressly covenants and 
agrees that it will not use or knowingly sell any of· the bauxite 
sold to it by the said Bauxite Co. hereunder, or any other bauxite; 
or the products thereof for the purpose of conversion into the 
metal aluminum, and that upon proof that any of said bauxite or 
products thereof have been put to any such use it will not make 
any further sales or deliveries to the purchaser thereof. 

"Eighth. It is understood and agreed that the bauxite sold here
under by the said Bauxite Co. to the said Chemical Co. shall be 
used by the said Chemical Co. and by compames under its con
trol or whose stock is largely held by it, and by no other person 
or party, and only for the manufacture of alum, alum salts, alu
mina sulphate or alumina hydrate for alum and its compounds, 
and for no other purpose whatsoever-" 

be, and they are, hereby declared null and void, and are stricken 
out of said contractj and that the fifth section of said contract 
which reads as follows: 

"Fifth. The said Reduction Co. agrees to use its good offices 
in the interest of said Chemical Co. so far as relates to promoting 
the trade of the latter in alum and alum products in the United 
States and in foreign countriesj and said Chemical Co. recipro
cally undertakes and agrees to use its good offices in the inter
est of said Reduction Co. so far as relates to promoting the 
metal business of the latter in the United States and in foreign 
countries -" in so far as it may be considered as an agreement 
upon the part of the General Chemical Co. to antagonize the 
interests of the competitors of the defendant company, be and it 
is hereby declared to be null and void, and that defendant and all 
its agents and representatives be, and they are, hereby perpetually 
enjoined from in any manner, and to any extent, requiring an 
enforcement of said provisions, and from entering into or acting 
in pursuance of any contract or agreement the purpose and effect 
of which would be to place any restraint upon the General 
Chemical Co. with reference to the right of said company to 



Sso MARKET CONTROL IN THE ALUMINUM INDUSTRY 

acquire and sell, or the quantity which it may acquire and sell, 
or the price at which it may acquire and sell any bauxite, alumina 
or aluminum of which it may become the owner by purchase, 
manufacture, or otherwise. 

3. That the tenth and eighteenth sections of the contract en
tered into under date of April 20, 1909, between the defendant 
Aluminum Co. of America and the Norton Co., which sections 
read as follows to wit: 

"Tenth. Norton Co. may mine and use bauxite from the said 
40-acre tract of bauxite land referred to in paragraph D above, 
which shall be used for the purpose of manufacturing alundum, 
and may mine and sell from the said property bauxite or other 
mineral taken therefrom for any purpose except for the manu
facture of aluminum, and Norton Co. shall not sell or otherwise 
dispose of said 40-acre tract except subject to the above restric
tions. 

"Eighteenth. Norton Co. shall not at any time during the con
tinuance of this agreement use or sell any of the bauxite con
tained on the said 40-acre tract described in paragraph D above, 
or any other bauxite, or the products thereof, hereafter acquired 
by Norton Co., in the United States of America or the Dominion 
of Canada for the purpose of conversion into aluminum -" and 
all other parts of said contract, in so far as they restrain or seek to 
restrain the Norton Co. from exerCising its free and independent 
will in using and disposing of the' bauxite which it may' receive 
under the provisions of isrud contract, or any other bauxite which 
it may obtain,. be, and the same, are hereby, declar~d.null and 

I' . " 
void and are abrogated; and that the defendant, and its officers 
and agents, be perpetually enjoined from in any,' manner or to 
any extent enforcing or requiring recognition by the Norton Co. 
of such provisions, and from hereafter entering into any contract 
with !lilid'Norton Co., the purpose and effect of which would be to 
restrain said Norton Co. in the disposition of any bauxite which 
may be obtained from any source, or of any alumina or aluminum 
which it may manufacture from such bauxite, or may otherwise 
obtain. . 

4. That the following clause in a contract between defendant 
and the Pennsylvania Salt Manufacturing Co., to wit: 

"The Pennsylvania Salt Manufacturing Co. agrees not to enter 
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into the manufacture of aluminum as long as this agreement is in 
force-It 

and the ratification and extension of said clause contained in a 
letter from the Pennsylvania Salt Manufacturing Co. to defend
ant, dated January I, 1907, be, and the same are hereby, de
clared null and void; and that defendant Aluminum Co. of Amer
ica and its officers and agents be, and they are hereby, perpetually 
enjoined hereafter from in any manner or to any extent enforcing 
or relying upon said clause and its ratification, and from entering 
into any contract with said Pennsylvania Salt Manufacturing Co., 
the purpose and effect of which would be to restrain said Penn
sylvania Salt Manufacturing Co. from freely making any dis
position that it may see proper, and at any price it may deem 
proper, of any bauxite, alumina, or aluminum the ownership of 
which it may acquire from any source. 

s. That that part of the agreement entered into as of date 
November 16, 1910, by defendant Aluminum Co. of America 
and Gustave A. Kruttschnitt, of Newark, N. J., and James C. 
Coleman, of Newark, N. J., which provides that-

"As part consideration for the execution of this agreement by 
Aluminum Co., Kruttschnitt and Coleman hereby severally agree 
that for the period of 20 years from the date hereof, in that part 
of the United States east of a north and south line through Denver, 
Colo., neither Kruttschnitt nor Coleman will directly or indirectly 
engage or become interested in the manufacture or fabrication or 
sale of aluminum, or any article made substantially of aluminum, 
provided that either or both the said Kruttschnitt and Coleman 
may be employed by or become interested in the Aluminum Co. 
or said Aluminum Goods Manufacturing Co., without committing 
a breach of this contract - " 

in so far as it constitutes a restraint upon said Kruttschnitt and 
Coleman from freely engaging in any part or branch of the alu
minum business, be, and the same is hereby, declared to be null 
and void, and that the defendant and its officers, agents, and 
representatives be, and they are hereby, perpetually enjoined 
from entering into a contract with said Kruttschnitt or Coleman 
or with any other individual, firm, or corporation of a like or 
similar character to the above-quoted provisions of said contract, 
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except as the same may be a lawful incident to the purchase of 
good will. 

6. That the defendant and its officers, agents, and representa
tives be, and they are hereby, perpetually enjoined from enter
ing into a contract with any other individual, firm, or corporation 
of a like or similar character to the above-quoted provisions in 
the contracts between the Aluminum Co. of America and the 
General Chemical Co., between said Aluminum Co. and the N or
ton Co., between said Aluminum Co. and the Pennsylvania Salt 
Manufacturing Co., and between said Aluminum Co. and Krutt
schnitt and Coleman, or either of them, and from entering into 
or participating in any combination or agreement the purpose or 
effect of which is to restrict or control the output or the prices of 
aluminum or any material from which aluminum is directly or 
indirectly manufactured, and from making any contractor agree
ment for the purpose of or the effect of which would be to restrain 
commerce in bauxite, alumina, or aluminum, or to prevent any 
other person, firm, or corporation from or to hinder him or it in 
obtaining a supply of either bauxite, alumina, or aluminum of a 
good quality in the open market in free and fair and open com
petition, and from themselves entering into, or compelling or 
inducing, under any pretext, or in any manner whatsoever, the 
making of any contract between any persons, firms, -or corpora
tions engaged in any branch .of the business of manufacturing 
aluminum goods the purpose or effect of which would be to fix 
or regulate the prices of any of tIieir raw' or manufactured prod
ucts in sale or resale. 

7. To prevent 'all undue discririrlnationsupon the part of de
fendant and its officers and agents, or upon the part of any firm 
or corporation in whose business defendant owns or hereafter ac
quires a financial interest by stock ownership or otherwise, against 
any competitor of defendant and thus to prevent the unlawful 
acquisition by defendant of a monopoly in any branch of manu
facturing from crude or semifinished aluminum, defendant and 
its ' officers; 'agents, and representatives, are hereby perpetually 
enjoined frof!l committing the following acts, to wit: 

(a) Combining either· by stock ownership or otherwise with 
any one or more manufacturers for the purpose or with the effect 
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of controlling or restraining the output of any product manufac
tured from aluminum, or fixing or controlling the price thereof. 

(6) Delaying shipments of material to any competitor with
out reasonable notice and cause, or refusing to ship or ceasing to 
continue shipments of crude or semifinished aluminum to a com
petitor on contracts or orders placed, and particularly on partially 
1i11ed orders, without any reasonable cause and without giving 
notice of same, or purposely delaying bills of lading on material 
shipped to any competitor, or in any other manner making it 
impossible or difficult for such competitor promptly to obtain the 
material upon its arrival, or from furnishing known defective 
material. 

(c) Charging higher prices for crude or semifinished aluminum 
from any competitor than are charged at the same time under 
like or similar conditions from any of the companies in which de
fendant is financially interested, or charging or demanding higher 
prices for any kind of crude or semifinished aluminum from any 
competitor for the purpose or which under like or similar condi
tions will have the effect of discriminating against such manufac
turers in bidding on proposals or contracts to the advantage of 
said defendant or any company in which it is financially inter
ested. 

(d) Refusing to sell crude or semifinished aluminum to pro
spective competitors in any branch of the manufacturing alu-. 
minum goods industry on like terms and conditions of sale, under 
like or similar circumstances, as defendant sells such crude or 
semifinished aluminum to any firm or corporation engaged in 
similar business in which defendant is financially interested. 

(e) Requiring, as a condition precedent to selling crude or 
semifinished aluminum to a competitor, that such competitor 
divulge to defendant the terms which such competitor proposes to 
make in order to secure the work in which the desired aluminum is 
to be used, and from imparting to anyone the purpose or pur
poses for which said competitor is intending to use said metal. 

(I) Requiring or compelling the making of agreements by com
petitors not to engage in any line of business nor to supply any 
special order in competition with defendant or with any company 
in which it is financially interested as a condition precedent to the 
procurement of aluminum metal. 
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(g) Representing or intimating to competitors that unless they 
dealt with defendant or with companies in which defendant has 
a financial interest for their supply of metal such competitor 
will not be' able to obtain a sufficient supply of metal or obtain 
it at a price that will permit them to engage in competition with 
defendant or with companies in which defendant is financially 
interested; or In like manner representing or intimating to con
sumers of aluminum in any stage of manufacture that unless they 
deal with defendant or with a company in which it is financially 
interested, their supply of material or manufactured products 
will be cut off for that reason. 

(h) Taking the position with persons, firms, or corporations 
engaged in the manufacture of any kind of aluminum goods that if 
they attempt to enlarge or increase any of their industries or 
engage in enterprises that are or will be competitive with de
fendant or with the business of any firm or corporation in which 
defendant is financially interested, such persons, firms, or cor
porations will for that reason be unable to procure their supply of 
material from defendant or any of the companies in which it is 
financially interested. 

The term "competitor," as used above, shall be construed to 
mean all persons, firms, or corporations engaged in or who are 
actually desiring or about to engage in the. manufacture of any 
kind of products or goods from crude or semlfinished aluminum, 
whose business is not controlled or not subject to be. controlled 
by defendant, its officers and agents, either by yirtue of.ownership 
of all or a part of the capital stock of such concerns, ot through 
any other form. or device of financial interest; 

Provided, however, That nothing contained in this decree shall 
be construed to prevent or restrain the lawful promotion of the 
aluminum industry in the United States. 

Provided, further, that nothing herein contained shall obligate 
defendants to furnish crude aluminum tq those who are not its 
regular customers, to the disadvantage of. those who are, when
ever the supply of crude aluminum is insufficient to enable de
fendant to furnish crude aluminum to all persons who desire to 
purchase from defendant, but this proviso shall not relieve de
fendant from. its obligation to perform all its contract obligations, 
and neither shall this proviso, under the conditions of insufficient 
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supply of crude aluminum referred to be or constitute a permis
sion to defendant to supply such crude aluminum to its regular 
customers mentioned with the purpose and effect of enabling de
fendant or its regular customers, under such existing conditions, 
to take away the trade and contracts of competitors. 

Provided, further, that nothing in this decree shall prevent 
defendant from making special prices and terms for the purpose 
of inducing the larger use of aluminum, either in a new use or 
as a substitute for other metals or materials. 

Provided, further, that nothing in this decree shall prevent the 
acquisition by defendant of any monopoly lawfully included in 
any grant of patent right. 

Provided, further, that the raising by defendant of prices on 
crude or semifinished aluminum to any company which it owns 
or controls or in which it has a financial interest, regardless of 
market conditions, and for the mere purpose of doing likewise 
to competitors while avoiding the appearance of discrimination, 
shall be a violation of the letter and spirit of this decree. 

This decree having been agreed to and entered upon the as
sumption that the defendant, Aluminum Co. of America, has a 
substantial monopoly of the production and sale of aluminum in 
the United States, it is further provided that whenever it shall 
appear to the court that substantial competition has arisen, either 
in the production or sale of aluminum in the United States, and 
that this decree in any part thereof works substantial injustice 
to defendant, this decree may be modified upon petition to the 
court after notice and hearing on the merits, provided that such 
applications shall not be made oftener than once every three years. 

It is further ordered that the defendants pay the cost of suit 
to be taxed. 

JAMES M. YOUNG, 
ludge. 
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UNITED STATES OF AMERICA 
BEFORE FEDERAL TRADE COMMISSION 

IN THE MATTER OF } 
Aluminum Compan~ of America, 

a corporation. 
DOCKET NO. 1335 

COMPLAINT 

I 

Acting in the public interest, pursuant to the provisions of an 
Act of Congress approved October IS, 1914 (the Clayton Act) 
entitled "An Act to supplement existing laws against unlawful 
restraints and monopolies, and for other purposes," the Federal 
Trade Commission charges that the Aluminum Company of 
America, a corporation, hereinafter referred to as respondent, has 
been and is violating the provisions of Section 2 of said Act, issues 
this complaint and states its charges in that respect, as follows: 

PARAGRAPH ONE: Respondent, Aluminum Company of America, 
is a corporation organized, existing and doing business under 
and by virtue of the laws of the' State of Pennsylvania, with its 
principal or executive offices in the City of· Pittsburgh, in said 
State .. The said respondent owns extensive bauxite deposits from 
which the aluminum ore is secured in Saline County, Arkansas, 
and in British and Dutch Guiana, South America, and also owns 
Dr has a controlling interest in bauxite deposits in France and 
J ugo--Slavia. Said respondent owns and operates crushing and 

'drying apparatus in Saline County, Arkansas, a refining plant in 
East St. Louis, Illinois, reduction works where aluminum is made 
at Niagara Falls and Massena, New York, Maryville (Alcoa), 
Tennessee, and Badin, North Carolina; it owns and operates a 
wire and cable mill at Massena, N. Y.; a general fabricating plant 
at New Kensington, Penna.; a plant for the manufacture of alu
minum bronze powder and aluminum foil at New Kensington, 
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Penna.; and roIling mills at Niagara Falls, N. Y., at Maryville 
(Alcoa), Tennessee, and at Edgewater, New Jersey. Respondent 
is the sole producer of virgin aluminum ingots in the United States 
and, since March, 1923, has produced over 95 per centum of the 
virgin sheet aluminum manufactured in the United States, the 
present sole competitor in this branch of the industry, the United 
States Smelting & Refining Company, of New Haven, Connecticut, 
producing not more than one per centum of said virgin sheet 
aluminum at higher prices for spot delivery. Respondent owns 
36 per centum of the stock of the Aluminum Goods Manufactur
ing Company, the largest manufacturer of aluminum cooking uten
sils in the United States, and 100 per centum of the stock of the 
United States Aluminum Company, the second largest manufac
turer of cooking utensils in the United States, these two com
panies producing not less than 65 per centum of the total output 
of said cooking utensils in the United States; 75 per centum of 
the stock in the American Body Company, which manufactures 
aluminum bodies for automobiles; 64 per centum of the stock 
of the Aluminum Manufactures, Inc., which company makes sand 
castings for automobile parts; 89 per centum of the stock in the 
Aluminum Die Castings Corporation; and 80 per centum of the 
stock of the Aluminum Screw Machine Products Company. Re
spondent owns a 50 per centum stock interest in the Norsk Alu
minum Company of Norway, a one-third interest in Norske-Nitrid 
Company of Norway, and also is the sole owner of the Northern 
Aluminum Company, Ltd., of Canada, the only other manufac
turer of virgin aluminum ingots in North America. The total 
holdings of respondent on December I, 1922, comprised a 100 

per centum stock ownership in 34 corporations, a greater than 
So per centum stock ownership in nine corporations, and a less 
than So per centum stock ownership in 17 corporations, engaged 
in various enterprises. 

The said respondent, Aluminum Company of America, is now 
and has been for more than two years last past, engaged in the man
ufacture and sale in interstate commerce of pig aluminum ingots 
and aluminum ingots, aluminum sheet, tubing, moulding, wire, 
cable, foil and powder and, through affiliated subsidiaries and/or 
leased companies, is engaged in the manufacture and the sale in 
interstate commerce of fabricated aluminum products, and alu-
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minum alloy products, in particular cooking utensils, aluminum 
sand castings, permanent mould castings and die castings, causing 
its aforesaid products, when so sold, to be transported from the 
place of manufacture in one State to purchasers thereof located 
in other States of the United States. 

The sole sources of supply of aluminum metal required by 
foundries and/or manufactories engaged in the manufacture and 
the sale in interstate commerce in the United States of fabricated 
aluminum products, and/or products manufactured from alu
minum alloy, in particular aluminum cooking utensils, aluminum 
automobile bodies, aluminum sand castings and permanent mould 
and die castings are (I) respondent, Aluminum Company of 
America, and its subsidiary, the Northern Aluminum Company, 
Ltd., of Canada, the estimated capacity for production of said 
companies annually, being about 175,000,000 pounds; (2) foreign 
companies engaged in the production of aluminum ingots and/or 
aluminum sheets, importations from which during the calendar 
year 1923 for companies other than respondent and its sub
sidiaries being about 28,000,000 pounds; and (3) domestic manu
facturers of fabricated aluminum products who have for disposi
tion scrap aluminum resulting from the aforesaid manufacturing. 
In recent years the supply of scrap aluminum available to foun
dries and manufactories in competition with respondent lor use in 
remelting into secondary ingots and in the production of aluminum 
cooking utensils and aluminum castings li~ been very extensive. In 
the year 1922 the recovery of secondary aluminum as pig aluminum 
or in alloys amounted to 'slightly more than 32,000,000 ·pounds. 
Since that.time and as a result of competitive practices 'of respon
dent of which complaint' is made herein, pract,ically all of this 
secondary aluminum has been removed from the market by respon
dent, for the purpose and/or effect of preventing its competitors 
from securing this secondary or scrap aluminum and in order to 
make respondent's monopoly of the aluminum raw material more 
certain and complete. 

lathe course and conduct of its said business the respondent 
was at all times hereinafter mentioned, and still is, in competition 
with other individuals, firms, partnerships and corporations like
wise engaged in interstate commerce. 

PARAGRAPH TWO: Respondent, Aluminum Company of America, 
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for more than two years last past, in the course and conduct of its 
business-

(a) Has adopted and maintained the practice of entering into 
contracts or agreements for the sale and is now selling and 
making contracts for the sale in interstate commerce of 
virgin sheet aluminum to manufacturing foundries at 
prices less than they have been and are selling said virgin 
sheet aluminum to jobbing foundries; and/or 

(b) Has adopted and maintained the practice of entering into 
contracts or agreements for the sale, and are now selling 
and making contracts of sale with certain manufacturers 
of automobile bodies, of cooking utensils, and/or of other 
fabricated aluminum products, for the sale in interstate 
commerce to said manufacturers of virgin sheet aluminum 
at prices less than they have been and are selling said 
virgin sheet aluminum to other manufacturers of automo
bile bodies, of cooking utensils, and/or of other fabricated 
aluminum products, on the condition, agreement, under
standing or contract that the said manufacturers to whom 
the lower selling price is made shall sen all the aluminum 
scrap resulting from their manufacturing operations to the 
Aluminum Company of America; and said discrimination 
in price between purchasers of virgin sheet aluminum en
gaged in the manufacture of automobile bodies, of cooking 
utensils and/or of other fabricated aluminum products 
by respondent, Aluminum Company of America, was not 
made on account of differences in the grade, quality or 
quantity of the commodities sold, nor did it make only 
due allowance for difference in the cost of sale or trans
portation, nor was it made in good faith to meet com
petition nor in the selection of customers in bona fide 
transactions. 

The effect of such sales and/or contracts for sale, and agree
ments, conditions and understandings may be and is to substan
tiaJ]y lessen competition and tends to create a monopoly. 

PAJlACJlAPH THREE: The above alleged acts and things done 
by respondent, Aluminum Company of America, are all in vio
lation of Section 2 of the Act of Congress entitled "An Act to 



560 JlARKET CONTROL IN THE .u.uJlINUJlINDUSTRY 

supplement existing laws against unlawful restraints and mo
nopoIies, and for other purposes," approved October 15, 1914. 

n 
Acting further in the public interest, pursuant to the provisions 

of an Act of Conoaress approved September 26,1914, entitled ccAn 
Act to create a Federal Trade Commission, to define its powers 
and duties, and for other purposes," the Federal Trade C0mmis
sion charges that the Aluminum Company of America, a corpora
tion, hereinafter referred. to as respondent, has been and is using 
unfair methods of competition in commerce in violation of the 
provisions of Section 5 of the said Act, issues this complaint 
and states its charges in that respect as follows: 

PARAGRAPH ONE: Proceeding in the public interest and as 
a further cause of action in violation of Section 5 of the above 
Act, the Commission charges and relies upon the matters and 
things set forth in P&raa~ One and Two under the First 
Count of this complaint to the same extent as though the allega
tions thereof were set out at length herein and the said Para
graphs One and Two of the First Count are incorporated herein 
by reference; and adopted as a part of the allegations of this 
Count. 

PARAGRAPH TWO: Respondent, Aluminum Company of America, 
for more than two years last past has employed, and still em
ploys, a scheme the effect of which was and is to gain a m0-

nopoly of the aluminum sand castings industry of the United 
States, and, in order to carry out said scheme, respondent has 
adopted, and used, and is now using the following practices, to-wit: 

(a) It arbitrarily fixes a diIIerential between the selling price 
of virgin aluminum ingots and the purchase price of scrap 
aluminum; 

(b) It pays higher prices for scrap aluminum than it costs the 
respondent to manufacture virgin aluminum ingots; 

(c) It makes concessions to automobile body manufacturers 
and/or to manufacturers of other fabricated aluminum 
products in the price of \irgin sheet aluminum to said 
manufacturers upon the agreement, understanding, or 
contract that said manufacturers sell respondent their total 
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available supply of scrap aluminum at prices fixed by r~ 
spondent approximating the actual cost of manufacture 
or at prices higher than it cost the respondent to manufac
ture the virgin aluminum ingots; and/or at prices higher 
than competing foundries engaged in manufacturing and 
jobbing fabricated aluminum products or aluminum cast
ings or aluminum alloy products could pay for such metal 
and more than its intrinsic value when compared with 
virgin aluminum metal. 

(d) It transfers virgin aluminum metal to its agents and/or 
its subsidiaries, at an arbitrary price below the cost of 
production and below the selling price of said metal to 
competitors of its said agents or subsidiaries engaged in 
the manufacture and the sale of aluminum sand castings; 

(e) It makes sales of aluminum sand castings to manufac
turers of automobiles or automobile products at prices 
approximating the actual cost of manufacture or at prices 
less than it cost the respondent to manufacture the afor~ 
said sand castings ; and/or at prices less than competing 
foundries can sell aluminum sand castings at a profit tak
ing into consideration the cost to the said competing foun
dries of virgin aluminum and scrap aluminum. 

(f) The practices of respondent as set out in subparagraphs 
"(a)" to "(e)" of this paragraph, both inclusive, have 
been made and are being made with the purpose and/or 
effect of curtailing the supply of raw material used by 
independent and/or competing jobbing foundries or manu
factories and of compelling said independent and/or 
jobbing foundries or manufactories to purchase virgin alu
minum ingots and aluminum sheets from respondent at 
prices arbitrarily fixed by respondent and with the pur
pose and/or effect of eliminating as a source of supply for 
independent and/or competing jobbing foundries or manu
factories the scrap aluminum theretofore available; in that 
the domestic source of supply of aluminum metal of the 
aforesaid independent and/or competing jobbing foun
dries or manufactories, with the exception of the aforesaid 
scrap aluminum, is limited to and dependent upon the 
supply obtainable from respondent; and that the effect 
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of the aforesaid practices of respondent as herein set out 
has been and is to suppress competition and to tend to 
create a monopoly. 

PARAGRAPH THREE: Respondent, Aluminum Company of Amer
ica, for more than two years last past, in the course and con
duct of its business as described in Paragraph One hereof, has 
employed and is still employing, a scheme the purpose and/or 
effect of which was and is to gain and maintain a monopoly of 
aluminum raw material, of aluminum ingots and sheets, of sec
ondary aluminum, and of aluminum fabricated products and/or 
aluminum alloy products, throughout the United States, and, in 
order to carry out such scheme, respondent has adopted and 
used and is now using, the following practices, to-wit: . 

(a) It arbitrarily neglects or refuses to supply to manufac
turers of aluminum goods and/or aluminum fabricated 
products, and/or aluminum castings the aluminum sheet 
metal or ingots required by said manufacturers, who are 
in competition with respondent or its subsidiaries. 

(b) It arbitrarily fails to make shipment of aluminum ingots 
to its competitors or to the competitors of its subsidiaries 
at the time said products are ordered,and/or at the time 
specified for shipment; 

(c) It arbitrarily makes deliveries of aluminum or aluminum 
ingots to its competitors or. to the competitorsofi~s sub
sidiaries in insufficient quantity and in amounts orquan
tities less than ordered; 

(d) It makes deliveries of aluminum sheets, and/or aluminum 
ingots to its competitors or to the competitors of its sub
sidiaries of quality inferior to that required. 

( e ) The practices of respondent as set out in ~ubparagraphs 
"(a)" to "(d)" of this paragraph, both. inclusive, have 
been . made and are being made for the purpose and/or 
effect of unfairly harassing the competitors of respondent 
.or of respondent's subsidiaries and with the effect of sup
pressing competition between respondent and its competi
tors and of creating or tending to create or maintain a 
monopoly. 
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PARAGRAPH FOUll: The above alleged acts and things done 
by respondent, Aluminum Company of America, are all to the 
prejudice of the public and of respondent's competitors and con
stitute unfair methods of competition in commerce within the 
intent and meaning of Section 5 of an Act of Congress entitled 
"An Act to create a Federat Trade Commission, to define its 
powers and duties and for other purposes," approved Septemb~r 
26, 1914, and/or with the effect of suppressing competition and 
tending to create a monopoly. ! 

WHEREFORE, THE PREMISES CONSIDERED, The Federal Trade 
Commission, on this 21st day of July, 1925, now here issues this 
its complaint against said respondent. 

NOTICE 

Notice is hereby given you, Aluminum Company of America, 
respondent herein, that the 9th day of September, 1925, at 10:30 
o'clock in the forenoon, is hereby fixed as the time, and the 
offices of the Federal Trade Commission, in the City of Wash
ington, D. C., as the place, when and where a hearing will be 
had on the charges set forth in this complaint, at which time and 
place you shall have the right, under said Act, to appear and show 
why an order should not be entered by said Commission requiring 
you to Cease and Desist from the violation of the law charged in 
this complaint. 

IN WITNESS WHEREOF, The Federal Trade Commission has 
caused this complaint to be signed by its Secretary, and its official 
seal to be hereto affixed at Washington, D. C., this 21St day of 
July, 1925. 

By the Commission: 

(SEAL) 

Otis B. Johnson, 
Secretary. 

L.A.R. 
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UNITED STATES OF AMERICA 
BEFORE THE FEDERAL TRADE COMMISSION 

. IN THE MATTER OF } 
Aluminum COI:npan~ of America, 

a corporation. 
DOCKET NO. 1335 

ANSWER OF THE ALUMINUM COMPANY OF AMERICA 
TO THE COMPLAINT OF THE COMMISSION, 

DATED THE 21ST DAY OF JULY, 1925. 

And now, to wit, September 21St, 1925, comes the Aluminum 
Company of America, the respondent in this case, and makes 
the following answer to the complaint filed against it by the Fed
eral Trade Commission, dated the 21st day of July, 1925. 

FIRST. The respondent denies that any or all of the averments 
set forth in the complaint disclose any violation of law, or that 
the same, if true, would justify the making and issuing of any 
decree by the Commission against the respondent, and therefore 
prays that the complaint be dismissed. 

SECOND. In answer to the averments and· allegations contained 
in COMPLAINT I respondent avers: 

I. In so far as pARAGRAPH ONE sets up the .corporate organ
ization of the respondent and the location of its· principal office, 
the same is admitted. In so far as the complaint avers owner
ship of bauxite deposits, the same is admitted. Bauxite is the 
principal raw or natural material used in the production of the 
metal :aluminum, and the bauxite owned by respondent is nec
essary in the reasonable conduct of respondent's business. It is 
true that the respondent, either directly or through subsidiary 
corporations, is the owner of bauxite deposits, refining plants, 
reduction works and fabricating plants as set forth in Paragraph 
One of Complaint I. It is also true that respondent is 'the 
sole manufacturer in the United States of aluminum ingots made 
from the ore (bauxite). It is not true that respondent has since 
March, 1923, produced over 95% of the virgin sheet manufac
tured in the United States, neither is the United States Smelting 
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& Refining Company at present respondent's sole competitor in 
the manufacture of such sheet aluminum. 

The statements contained in said paragraph as to the owner
ship of stock by respondent in certain manufacturing companies 
whose names are given therein, are substantially correct. The 
United States Aluminum Company is and always has been a hun
dred per cent. subsidiary of the respondent. The Aluminum Manu., 
factures, Inc. is not engaged in business; all its plants are leased 
to and operated by the United States Aluminum Company. In 
regard to the companies referred to whose names are not men
tioned, those in which respondent owns one hundred per cent. 
stock are purely subsidiaries engaged in the holding of real 
estate or production of power or raw materials necessary and 
useful for the respondent in the conduct of its business or in the 
fabrication of the materials manufactured by respondent or in 
the transportation or sale of said raw materials or finished prod
ucts. The other unnamed companies referred to in the com
plaint are engaged in business which has a direct relationship to 
the business conducted by the respondent and respondent's own
ership in the stock thereof is lawful and useful and to a great 
degree consists of investments made by respondent in corporations 
engaged in the fabrication of materials manufactured by respond
ent entered into for the purpose of promoting the aluminum 
industry in the United States and to some degree represent tem
porary investments of surplus funds. 

It is admitted that the respondent is engaged in interstate 
commerce. 

It is admitted that the supply of aluminum metal in the United 
States consists of the primary aluminum manufactured by the 
respondent in the United States, the primary aluminum manu
factured by the respondent and others outside of the United 
States, and scrap of various kinds, both from within and without 
the United States. 

As to the annual production of ingots, sheets and scraps avail
able in the United States, respondent has no precise knowledge. 
It varies from year to year, and if said facts are material to the 
present controversy, respondent demands proof of same. 

It is not true that as a result of any practices, competitive or 
otherwise, practically all the secondary aluminum referred to in 
the said paragraph has been removed from the market by respon-
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dent, nor is it true that any purchases of secondary aluminum that 
the respondent may have made were made either for the purpose 
or had the effect of creating a monopoly or preventing any of 
its competitors from securing secondary aluminum, or to make 
respondent's alleged monopoly of aluminum ra:w materials more 
certain or complete. 

It is admitted that in the course and conduct of its business 
the respondent was at all times and now is in competition with 
other individuals, firms, partnerships and corporations engaged in 
interstate commerce. 

2. In answer to PARAGRAPH TWO of COMPLAINT I, the aver
ments of subparagraph (a) are denied. The averments of sub
paragraphs (b) are denied. It is particularly denied that if it 
had been true (which it is not) that any such sales or practices 
as those referred to in this paragraph either had been in the past 
or were now in existence, such practices or sales, could, would or 
do have any effect upon competition or tend in any way to create 
a monopoly. 

3. PARAGRAPH THREE of COMPLAINT I is denied. 

THIRD. In answer to the averments and allegations contained 
in COMPLAINT II, respondent avers: 

I. The same answer is made to PARAGRAPH ONE of COMPLAINT n 
as is made to Paragraphs One 'and Two of Complaint I, and with 
the same force and effect as' though said answers were set forth 
herein at length. 

2. The averments of PARAGRAPH TWO of COMPLAINT II as therein 
stated are denied; subject, however, to the following explanations: 

Respondent admits that it sometimes pays higher prices for 
certain'qualities of scrap aluminum than it costs the respondent to 
manufacture primary aluminum; in so far as respondent may 
transfer primary aluminum to subsidiaries at arbitrary prices, 
said conduct is purely one of bookkeeping and is a customary and 
convenient way of handling such transactions on the books of a 
parent company and its subsidiaries. 

3. The allegations of PARAGRAPH THREE of COMPLAINT II are 
denied. 

4. The allegations of PARAGRAPH FOUR of COMPLAINT II are 
denied. 
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FOUllTH. In further answer to the complaint filed in this case, 
respondent avers that it engaged in the manufacture of aluminum 
in the year 1888 in accordance with the methods set forth in cer
tain letters patent of the United States, which respondentlawfully 
acquired and respondent had, during the life of said patents, a 
lawful monopoly in the manufacture of aluminum by the methods 
set forth in said letters patent. The process set forth in said letters 
patent and so used by the respondent is the only method by which 
aluminum could be manufactured at a cost which made it possible 
to use the metal commercially. Although the last of the patents 
used by the respondent expired in the year 1907 the same processes 
are the methods still in use by the respondent and all other manu
facturers of aluminum in the world. At the time when the 
respondent began the manufacture of aluminum there was no com
mercial market for aluminum, and it became necessary for the 
respondent, in the development of its business, to fabricate the 
metals into shapes in which it could be used and to induce the 
public to use it as a substitute for other metals. The respondent 
explicitly avers that since the expiration of said letters patent 
there has been nothing to prevent any person who so desired from 
engaging in the manufacture or fabrication of aluminum in the 
United States, and respondent never has done, neither has it 
attempted to do, anything which in any way prevented or em
barrassed others from engaging in said business, but, on the con
trary, has devoted its time to producing aluminum in quantities 
which the public needed and of the best quality that could be pro
duced, and has encouraged and aided others to embark in the 
fabrication and use of articles in which aluminum is the sole or a 
constituent part. It has been its policy to give to consumers of 
aluminum the lowest possible prices, and respondent avers and 
charges that whatever complaints have been made as to re
spondent's prices and methods are largely, if not wholly, confined 
to complaints of middlemen who naturally have found their profits 
more or less interfered with by said policy of respondent. 

WHEllEFOU respondent prays that the complaint be dismissed. 
ALUMINUM COMPANY OF AMERICA, 

By Gordon, Smith, Buchanan & Scott 
Its Attorneys. 
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At a regular session of the Federal Trade Commission, 
held at its office in the Qty of Washington, D. C. 

on the 7th day of April, A. D., 1930 

COKUlSSIONERS: 

Garland S. F~ Jr., Olairman 
C. W. Hunt, 
William. E. Humphrey, 
Charles H. March, 
Edoaar A. McCulloch. 

IN THE KAnER OF } 
DOCUT NO. IJJS 

Aluminum Company of America, 
a corporation. ORDER OF DISMISSAL 

The above-entitIed proceeding coming on for consideration by 
the Commission upon the complaint of the Commission, the answer 
of respondent, the record, briefs and oral argument of counsel for 
the Commission and for the respondent, and the Commission hav
ing duly considered same and being fully advised in the premises, 

IT IS ORDEUD that the complaint herein be and the same hereby 
is dismissed for the reason that the charges of the complaint are 
not sustained by the testimony and evidence. 

By the Commission. 

Otis B. Johnson 
Secretary 
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Aluminum Company, P,d,ral Trod, Co",,,,ulio,,, Docket 133S; 1915-1931, liven by Aluminum Company, Bauth v, 
Aluminum Company, appe1lallt, Exhibit 126; 1932-1935, AmmceSff 8ur,au 0/ M,tQJ StDtulb. 
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• Piau nO<-511, 



APPENDIX F 

TABLE 38 

ESTIMATED WORLD PRODUCTION OF PRIMARY ALUMINUM BY COUNTRIES, 1890-1935 * 
(Thousands 01 Metric Tons) 

United Total Total Switz- Great Other Total 
Year States Canada America Europe France Germany eriand Austria Britain Norway Italy Russia Countries World 

1890 0.03 0.03 0.15 0.04 0.04 0.07 0.18 
1891 0.07 0.07 0.26 0.04 0.17 0.05 0·33 
1892 0.12 0.12 0·35 0.07 0.24 0.04 0·47 
1893 0.15 0.15 0·58 0.14 0·44 0·73 
1894 0.25 0.25 0.87 0.27 0.6 I.U 

1895 0.42 0·42 1.0 0·36 0.65 1.42 
1896 ' '0·59 0·59 1.2 0·37 0·7 0.13 I.79 
1897 2.0 2.0 1·58 0·47 0.8 0·31 3.58 
1898 2·4 2·4 1.68 0·57 0.8 0·31 4·08 
1899 2·9 2·9 3.15 1.0 1.6 0·55 6.05 
1900 3·2 3·2 4.1 1.0 2·5 0.6 7·3 
1901 3·2 3·2 4·3 1.2 2·5 0.6 7-S 
1902 3·3 3·3 4·5 1.4 2·5 0.6 7·8 
1903 3-4 3·4 4·8 1.6 2·5 0·7 8.2 
1904 3-S 3-S S-4 1·7 3.0 0·7 8·9 
1905 5·1 5.1 7·0 3·0 3·0 1.0 U.I 

1906 6·5 6·5 8·5 4·0 3·5 1.0 15·0 
1907 II.8 II.8 u.8 6.0 4·0 1.8 23.6 
1908 5·9 5·9 12.6 6.0 4·0 2.0 0.6 18·5 
1909 6.8 2.8 9.6 15·2 6.0 5·0 2.8 0.6 0.8 24·8 
1910 15·4 3·5 18·9 24·2 9·5 8.0 5·0 0·9 0.8 43·1 



TABLE 38-Co,diftued 

United Total Total Switz- Great Other Total 
Year State! Canada America Europe France Germany erland Austria Britain Norway Italy Russia Countries World 

1911 16.8 2·3 19·1 24·7 10.0 8.0 5·0 0·9 0.8 43-8 
19u 18.1 8·3 26·4 34.8 13·0 12.t. 7·5 1·5 0.8 6J.2 
1913 u·S 5·9 27-4 36·4 14·5 12.0 7·6 1·5 0.8 63·8 
1914 26·3 6.8 33.1 35·9 10.0 15·0 7·5 2·5 0·9 69·0 
1915 41.1 8·5 49·6 28·3 6.0 12.0 7·1 2·3 0·9 77·9 
1916 52.2 8·5 60·7 43·5 9.6 5·0 15·8 7·7 4·3 1.1 104.2 
1917 58·9 n.8 70·7 5J.S n.1 10·3 15·7 7·1 7·6 1·7 124·2 
1918 56.6 15·0 71.6 62·9 12.0 14·1 19·9 8·3 6·9 1·7 134-5 
1919 58·3 15·0 73·3 59·4 15·0 n.2 20·3 8.1 3·1 1·7 132·7 
1920 62·9 12.0 74-9 53.1 12·3 12.0 12.0 2.0 8.0 5·6 1.2 128.0 
1921 24·7 8.0 32·7 43.1 8·4 n.o 12.0 2.0 5·0 4·0 0·7 75·8 
1922 33·4 10.0 43-4 49.2 7·5 16.0 13.0 2.0 5·0 4·9 0.8 92.6 
1923 58·4 10.0 68·4 70.6 14·3 17·0 15·0 1·5 8.0 13·3 1·5 139·0 
1924 68·3 12·5 80.8 88.8 18·5 20.0 19·0 2.2 7·0 20.0 2.1 169·6 
1925 63·5 15·0 78.5 104.1 20.0 27·2 21.0 3·0 9·7 21·3 1·9 182.6 
1926 66·9 18.0 84·9 112.2 24·0 30.6 21.0 3·0 7·3 24·4 1·9 197-1 
1927 74.2 36.0 IIO.2 108.6 25·0 28·4 20.0 4·0 7·9 20.8 2·5 218.8 
1928 95·5 36.0 131.5 120·7 27·0 31·7 19·9 4·0 10·7 22.8 3.6 1.0 252.2 
1929 103·4 31.0 134·4 132·7 29.0 32.7 20·7 4·0 13·9 24·4 7·0 1.0 267-1 
1930 103·9 34.0 137·9 128.2 26.0 30.2 20·5 3·5 14.0 24·7 8.0 1·3 266.1 
1931 80·5 31.0 III·5 107·5 18.0 26·9 n·4 3·3 14·2 21·4 n.1 1.2 219.0 
1932 47.6 18.0 65.£; 88·3 15·0 19.0 8·5 2.1 10·3 17·8 13·4 1.0 1.2 153·9 
1933 38.6 16.2 54.8 86·3 14·3 18·3 7·5 2.0 n.o 15·5 12.1 4-4 1.2 141.1 
1934 33·6 15·5 49·1 II9·6 16.0 37-2 8.1 2.1 u·S 15·5 12·4 14·4 1·4 168·7 
1935 54.1 20.6 74·7 178.9 21.8 70·7 II·7 2.1 15·1 16.0 14·0 24·5 7·o t 257.6 t 

• For sources of data, see p. 569. 
t Includes 4,000 tons produced in Japan. No information is available concerning output in Hungary. 
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TABLE 39 

ESTIMATED PRODUCTION AND FOREIGN TRADE IN ALUMINUM OF THE 

UNITED STATES, 1900-1935 * 
(Metric Tons) 

Production Production Total Imporu Exportl Exporu 
of Primary ·of Secondary Production of of of 
Aluminum Aluminum of Aluminum .Aluminum Aluminum Pabricated 

Year Ingot Ingot Ingot Ingot Ingot Aluminum 

1900 3,240 lI6 
1901 3,240 256 
1902 3,310 338 
1903 3,400 226 
1904 3,490 234 
X905 5,150 241 
1906 6,510 350 
1907 II j 790 396 
1908 5,900 2II 
1909 6,800 2,318 
1910 15,420 5,566 
19II 16,780 1,893 t 
1912 18,140 10,324 
1913 21,450 10,517 
1914 26,300 4,IIO 30,410 7,367 
1915 41,050 7,730 48,780 3,871 
1916 52,210 17,550 69,760 3,015 
1917 58,890 14,640 73.530 27 
1918 56,580 13,680 70,260 766 9,141 1,806 * 
1919 58,270 17,000 75,270 8,003 2,022 255 * 
1920 62,890 14,090 76,980 18,178 3,348 

9
1
9 * 

192I 24,740 8,090 32,830 13,870 477 5
1
9 * 

1922 33,400 14,820 48,220 18,122 698 3,342 § 
1923 58,360 19,360 77,7 20 19,534 531 4,433 § 
1924 68,280 24,550 9 2,830 13,333 1,523 4,43 2 § 
192,5 63,550 40,000 103,550 19,690 3,688 4.978 § 
1926 66,850 40,180 107,030 33,965 266 4,156 
1927 74,200 42,000 U6,200 32,744 1,599 5,682 
1928 95,500 43,450 138,950 17,189 1,084 6,505 
1929 103,400 44,000 147.400 21,961 278 8,566 
1930 103,900 35,090 138,990 lI,lI2 276 8,431 
1931 80,530 27,550 108,080 6,261 688 2,033 
1932 47,600 21,820 69,420 3,631 1,771 622 
1933 38,600 30,460 69,060 7,580 2,501 294 
1934 33,646 42,180 75,826 8,333 3,653 375 
1935 54,lI3 46,730 100,843 9,560 1,525 
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• Sources of statistics of production of primary aluminum are given in the 

Dote to Table 38. Estimates of the recovery of secondary aluminum have 
been published in Mineral Resources (now Minerals Yearbook) since 1914. 
The figures underestimate the actual recovery because some firms do not 
report. It is believed that coverage has become increasingly broader in the 
last decade. Import statistics are general imports of aluminum in crude form 
and alloys, including scrap, for calendar years.. (Figures for calendar years 
during the period 1900""1917 are given in the Mineral Industry.) The figures 
for 1934 and 1935 are imports for consumption. Before 1918 exports were 
reported by value only. The total quantity of fabricated aluminum exported 
was reported only for the four years 192:l-1925. The classes covered in other 
years are indicated in the footnotes. The figures do not include small amounts 
of foreign metal exported from the United States. Imports of fabricated alu
minum have rarely exceeded 500 tons. 

t July-December only. 
f Plates, sheet, bar, etc. Does not include tubes, castings, utensils, and 

other manufactures. 
§ Total exports of semi.6nished and manufactured aluminum products. 
II Plates, sheet, bar, etc. and tubes, molding, and castings. Does not include 

utensils and other manufactures. 
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THIS bibliography includes literature on the aluminum industry 
and a few books and articles on economic theory or its application. 
The larger part of it consists of those sources of information about 
the aluminum industry which have been useful for this study. The 
best known government publications, such as annual statistical 
abstracts and statistics of foreign trade, have been omitted .. Only 
a small part of the vast literature on the technology of the in
dustry has been included. No attempt has been made to present 
an exhaustive list of books, articles, and government publications 
treating the industrial history and economics of this industry. I 
believe, however, that I have discovered most of the substan'tial 
works of this sort in English and German. Owing to the inadequate 
indexing of French economic and business literature, which is 
particularly manifest in the lack of an index of periodical material, 
I may have failed to discover some sources which would have been 
helpful. The paucity of cross references in French articles and 
books suggests, however, that the number of works of this sort 
in French is quite limited. 

The short list of books and articles on economic theory or its 
application is included with a twofold purpose. It will afford the 
economist familiar with this literature an indication of some of 
the principal influences which have led me to the particular formu
lation of the problems and the type of analysis appearing in this 
book. It may also serve as a useful reference list for any lay reader 
whose interest may be attracted because of or in spite of inability 
to understand those portions of this book where the technical 
apparatus of economic theory is most obtrusive. 
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see also Alcoa Power Company 

Cleveland Metal Products Company, 
370-373 

Cole, Romaine, 529 
Compagnie de Produits ChiIniques 

d'Alais et de la Camargue (Alais) , en
trY into aluminum industry, 35; ac
quisition of bauxite, 35; capacity, 37, 
41, 123; horizontal expansion, 37, 44, 
87-88, III, 136, 265; foreign prop
erties, 87; participation in cartels, 36, 
119, uS; products other than alu
minum, 35; acquisition of Societe 
tlectrometallurgique Fran~, 87 ; 
earnings, 168; plants, 35, 3'1, 41 

Compagnie de Produits Chimiques et 
tlectrometallurgiques Alais, Froges, et 
Camargues (Compagnie AFC), forma
tion, 87; acquisition of bauxite, 88, 
139; capacity, 96, '91; horizontal ez
pansion, 88, 191; foreign properties, 
72, 91, 96, '92; participation in cartels, 
158,163 ; 

finance: investment, '7'1-.BI; earn
ings, 177-282, 186, 319, 323; deprecia
tion, 177-180, 313; reinvestment of 
earnings, '77-179; issue of preference 
shares to ~vent outside control. 90; 

plants: reduction, B7-88, 96; power, 
87-88 

Competition, acquisition of bauxite, 71, 
91, lOS, 138-139, lSI, 19B; acquisition 
of power, 91, 144, 152, '98; develop
ment of new alloys and new products, 
159, 198, 345-347, 351; influence on 
price and quotas, 157, 165; investment, 
90-91,1'4,156-158, 163,165,.64,190, 
198, 304-308, 338-343, 350; imports 
into United States, 157; price, 38-39, 
157, 163, 167, 236-137, 144, '46, 165, 
275-'76, 195, 304, 310-311, 316-330, 
326-327, 332-333; quality, 31C~"311; 
sales expenditure, 310-311; between 
substitutes, 11-23, 33, 46, 48-49, 57-
58, 62-63, 66-68, 198, U4-u5, u8-
219, 147, 253-257, 321, 390-391, 410, 
430,436,475,477; summarY of com
petitive forces, 169. 
Su also Potential competition 

Competitive methods, complaint of Fed
eral Trade Commission, 401, 411, 556-
563; supply of materials, 376, 405-407, 
410-412, 411-436, 445-461, 473, 486-
490, 496, 49B, 561; attitude toward 
potential competition, 410, 43H41; 
materiais-castings price differential, 
445-447, 450-455, 461, 469, 473; in
got-sheet price differential, 381, 386, 
3go, 391-395, 43 7"-440, 481-483; price 
differentials in general, 474-475, 478, 
486-498; price discrimination, 405, 
410-411, 41HII, 441, 447, 451, 486-
490, 496, 498; pricing of castings, 447-
455, 461-473, 561; scrap purchases, 
444-461, 473, 560-561 ; 

unfair: consent decree, 398, 405-
407; criteria, 4~04. 
Su also DeliverY delays 

Connecting rods, aluminum alloy, 51, 61 
Consent decree, Ulliud Slalu v. AInU-

11_ C-PtJII, 0/ A_";('4, 39, 105-
log, 369, 3'17, 396-399, 404-407, 421-
411, 426, 431, 433-434, 436-440; tezt, 
547-555 

Consolidated Stamping Company, 53 
Consumers' cooperation, 353-355, 485-

487,499 
Consumption, Europe, 33, 65-68; Ger

many, 65-67, 95; United States, II, 

II, 60-65; during World War, 44-4S; 
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ingot, world, 12 7; relative growth in 
Europeall countries, 302 

ContinentaIeD Bauxit Bergbau und In
dustrie A. G., 84 

Cooking utensils, II, 13; consumption of 
aluminum, 60, 64-4i6; competitive 
methods, 408-442 

Copper, competition with aluminum, 14-
17,33, 2140 218-219, 255,322,436. 
See also Price ratios; Prices 

Cost, constant, 208-209, 212, 334, 408, 
443; diminish,;og, 206, 208-209, 212, 
260, 334; European relative to Amer
ican, 160; ingot, 270-271; labor, 269; 
power, 142-144, 289; reductions, 93, 
IU, 150, 237, 246, 248-250, 270, 281, 
296,324; sand castings, 443, 463-469; 
sheet, 387--390; standards for measur
ing cost at one stage, 463-465 

Cowles, Alfred and Eugene, 508-514, 
520-521, 528-532, 535, 537 

Cowles Electric Smelting and Aluminum 
Company, 5, 530, 532 

Cryolite, 8 
Cylinder heads, aluminum alloy, 65 

Davis, A. V., 135 
Davis, E. K., 75 
Davy, Sir Humphry, 503, 534 
Deleruler, Herreschoff, 12 
Delivery delays, 248,376,405,411,421-

436, 441, 553, 562 
Demand, characteristics, 214, 215; elas

ticity, 112, 14r.-147, 167, 214~15, 221, 
235, 237, 253~61, 297~98, 320, 322, 

329, 331--332, 390-391; ideal, 2~II, 
258, 297; increases, 38, 43, 120, 156, 
214, 235, 252, 253, 255~58, 272~73, 
275,456 

Demerara Bauxite Company, 69, 130 
Department of Justice, Benham report, 

400, 410, 413; consent decree of 191Z, 

106-109, 398; investigations, 399-401, 
410-411; rll acquisition of Southern 
Aluminium Company, 116 

Del Nonke Aktieselskab for Electro
kemlsk Industri, 72 

Del Nonke Nitridaktieselskab, 43-44, 
72, 153; capacity, 96, 290, 292; plants, 
87,96 

Deutsche Edison GeseDschaft, 6, 513 
Deville, Henri SL Claire, 35, 505-506 

Differentiation of product, s/le Monopoly 
elements 

Diversification of markets, 61-4i8, 255, 
297 

Dixie Bauxite Company, 107 
Doebler die-casting process, 22, 257 
Duke, J. B., 73, 132-135 
Duke-Price Power Company, 73-74, 135; 

see also Saguenay Power Company 
Duralumin, see Alloys 
Diirener Meta1Iwerke A. G., 50 
Dynamo, stimulus to development of 

electrochemistry, 5or.-so8 

Earnings, metal corporations, 231~33. 
See also individual companies 

Economies, combination, 19HOO; scale 
of plants, 189-196 

Efficiency, factors affecting, 31-32; see 
also Scale of investment; Integration; 
Location 

Electric cable, 14-16, 60-64, 6~7, 146, 
214, 21~19 

Electric Smelting and Aluminum Com
pany, 521, 532-533 

Electric Smelting and Aluminum Com
pany v. Pittsburgh Reductio,. Com
pany, 532-537 

Electrochemistry, influence of aluminum 
on, 508-516, 519-526 

Electrode plants, 25-26, 34, 74, 84, 129, 
191 

Emory, L. T., 130-132, 140 
Entry into aluminum industry, affected 

by conditions of price making, 144-
147; castings branch, 396, 443-445; 
costs, 144-147; difficulties, 2~9, 105-
JI8, 129-136, 137-141, 142-148, 149-
152, 155-156; government control in 
Germany, 153; new ventures, 29, 35, 
38, 82, III, 115-117, 120-124, 129-
136, 148, 153, 225, 265, 269, 289; sheet, 
374--381,392--395; utensils branch~ 396, 
408,415. 
See also Potential competition 

Erftwerk A. G., 83-84, 283 
Exports from America, 163, 166, 309-

311; Canada, 307-312, 317; cartel 
countries, 303, 310; Europe, 39, 159-
16o, 166, 243~44, 246, 266, 309-311, 
378-379; France, 124,303; Germany, 
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243, 246,303,310; Great Britain, 303, 
3II; Norway, 301-303, 308-309; 
Switzerland, 124, 301-303, 310-312; 
United States, 310 

Extrusion, 58 

Fairmont Manufacturing Company, 375, 
378,384 

Faraday, Michael, 503-504 
Federal Trade Commission, complaint 

against Aluminum Company of Amer
ica, 370, 401, 4II, 444-447; text of 
complaint, 556-563; answer to com
plaint, 564-567; dismissal of com
plaint, 401, 412, 473, 568; report on 
aluminum, 399, 40H12, 442; rolling 
mill case, 371-374 

Ferroalloys, SIS, 516, 522-523 
Ford, Henry, 133, 151 
Foundries, II, 27, 79-80,396-397,443 
Frontier Corporation, 80-81 
Full utilization, 182, 199, 235-237, 258, 

260, 271, 291, 293-294, 299, 313, 327, 
332 

Gebriider Giulini, 51, 97, 120-121, 158 
General Bauxite Company, 103-105 
General Chemical Company, 103-105, 

107,549 
General Electric Company, 80 
Georgia Bauxite Company, 24 
Goldschmidt, Hans, 18 
Government control, competitive meth~ 

ods, United States, 370, 377, 398--402, 
404--480; entry, Germany, 153; im
ports, Germany, 154; export of baux
ite, various countries, 139; exports of 
aluminum and materials, France, 95; 
ownership of bauxite, Great Britain; 
69-70. 
See also Import duties; Antitrust laws 

Government encouragement, 153-156 ; 
Austria, 153 ; Great Britain, 88-89, 
155,311; Italy, 91, 92, 139, 156; Spain, 
92 

Government enterprise, Germany, 83-86, 
153-154; Russia, 89-90 

Government· policy, possibilities: estab
lishment of oligopoly, 355-357; import 
duties, 488--489. regulation of invest
ment, 357, 485, 491, 495--498; regula
tion of price, 357-360, 485, 492--498; 

taxes, 359-360; government competi
tion, 360-365, 485-489, 498--499; pub
lic monopoly, 364-365 

Great Britain, bauxite lands owned by, 
69-70 

Guillet, Leon, So 

Hall, Charles M., 5, 25, 1I8, 509, 516-
518, 520, 527-537 

Haskell, George, 73, 132-136 
HaskeU v. Perkins et al., 136 
Henderson, Leon, report on aluminum, 

see National Recovery Administration 
Heroult, Paul L. T., 5, 6, lIS, 512-514, 

520, 523-524, 527, 532, 535 
Hoopes, VVilliam, 16, 54 
Hori2ontal expansion, balance in hori

zontal and vertical extension, 199-201; 
efficiency, see Scale of investment and 
Economies; relation to monopoly, 189-
203; see also individual companies 

Hunt, Alfred E., 529 
Hybinette, Victor, 51 
Hydroelectric plants, see Water power; 

Power plants 

I. G. Farbenindustrie, 84, 153 
Illinois Pure Aluminum Company, 424-

425, 43 7--439 
Import duties, France, 154; Germany, 

154; Great Britain, ISS; Hungary, 93; 
Italy, 94, 164; Spain, 92; Switzerland, 
.55; United States, 29,39, 82, 102, 
112, 1I8, 143, 159-160, 238-241, 318, 
321, 379; relation to monopoly, 149, 
159-160, 168, 355-356 

Imports into America, 309 j cartel coun
tries, 303; France, 291; Germany, 127, 
156, 301-303, 3II; Great Britain, 301-
303, 3II; India, 310-31I; Japan, 310-
3II; United States, 39, 81-82, IIO, II4, 
160, 166-167, 243-244, 246, 266, 274, 
307-308, 317-318, 324-327, 378-379; 
government control, Germany, 154, 
157 

Innwerk, Bayerische Aluminium A. G., 
83 

Integration, definition, 176; advantages 
in aluminum production, 182-188; bal
ance in hori2ontal and vertical exten
sion, 199-201; problem of fitting 
scales, 177-179, 200; relation to mo-
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nopoly, 177-179; relation to progres
siveness, 181, 187; relation to research, 
187; strategic advantages, Io&-Iog, 
179, 188; theoretical analysis of ad
vantages, 180. 
See Ills" individual eompanks 

Investment, appropriate to maximum 
monopoly revenue, 335-237, 260, 294-
396,331,334; ideal, 174, 175, 204-210, 
260, 266, 371-272, 274, 297, 314, 331, 
357,362• 
See also individual ,_panks 

Iron, competition with aluminum, 17-18, 
62, 2540 255, 436 

Jadranski Bauxite Dioni'co Drus'tvo, 71 
Japan Aluminum Reduction Company, 

93, 97, 164 
Jeffries, Zay, 55 

Kewaskum Aluminum Company, 424, 
437-439 
~, Idartin, 513, 535 
Knoxville Power Company, 26 
Kossmann, Wilfried, 270 

L'A1uminium fran~ 39, 51, 87, 93-94, 
uS, 122, 154-155, 301, 305 

L'A1uminium du Sud-Ouest, I2I-IU, 269 
Large Kale, lee Scale of investment 
Leucite, Italy, 92,'148 
Location of plants, 31-33, 184 
Low-grade ores, attempts to utilize, 148, 

298 
Lumpiness of equipment, 206, 312-213, 

216, 222, 225 

Idanagement, balance in horizontal and 
vertical extension, 199-301 

Idarginal cost, 141, 145-147, 205, 2og, 
236, 314-316, 329, 340, 351, 454-455, 
469,472,475,490-491,496 

Idaterials required for aluminum produc-
tion,31 

Idellon, Andrew, 398 
Ideric&, P. D., So 
Idetallgesellschaft, 39, 56, 84-65, 153 
Idinet, Adolphe, 118, 535 
Monopoly element&, water power, 142-

144; 
bauxite: France, 154-155; Europe, 

log; South America, 70-71; United 

States, 28, 103-110, 113-114, 548-551; 
world, 139-140; 

aluminum: separation of markets, 
36, 166, 264, 547-548; patents, 6, 101, 
118, 537; price control, 36-37, 93-94, 
126, 161-162, 165, 364, 273-276, 321, 
332-333, 350-351; production control, 
94, 165, 306, 321, 350-351; sales con
trol, 39, 94, 125, 161,300-304; control 
of stocks, 164-166, 321; tariffs, 118, 
149, 159, 168, 355; difficulties of entry, 
see Entry; 

oligopoly: and antitrust laws, 483 ; 
difficulties in policy, 298-300, 306, 
346, 351; price policies, 157-161, 
319-320; relation to efficiency, 202-
203 ; relation to progressiveness, 
345-349; restriction of investment, 
300; rivalry in expansion, 157, 298, 
304-306, 338-343; rivalry in varia
tion of product, 345-347, 351; pro
portionate shares in the market, 337-
343, 346-347, 350-351; sheet, 374-
376, theoretical comparison with sin
gle-firm monopoly, 333-352; France, 
87-68, 120-122, 154-155; Germany, 
153-154, Great Britain, 120-121; in
ternational relations, lI8-128, 156-
161, 306-312. See lIlso Agreements; 
Cartels; 

single-firm monopoly: relation to 
efficiency, 202-203; (see lIlso Scale of 
investment) ; relation to progressive
ness, 345-349; continued existence 
in United States, 101-118, 149-152; 

differentiation of product: aIloys, 
198, 259, 386; limited by tests of 
quality, 198, 259, 363; and price 
regulation, 495-496. See lIlso Alloys 

Idontecatini, 91-92 
Idontreal Light, Heat, and Power Com

pany, III 

Nantabala Power and Light Company, 
80 

National Physical Laboratory, 50, 54, 
257 

National Recovery Administration, code 
for aluminum industry, 474-479; re
port on aluminum, 401-402, 477 

Nationalistic policies, 47, 138-139, 399, 
311-313,355; Austria, 86; France, 95; 
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Germany, 85-86, 94, 165, 299; Hun
gary, 92; Italy, 86, 91, 94, 163-164, 
166, 299; Japan, 93; Jugo-SIavia, 92; 
Rumania, 92; Spain, 86, 92 

New enterprises, see Entry 
Niagara Falls Hydraulic Power and 

Manufacturing Company, 26 
Niagara Hudson Power Company, 81 
Normal earnings, definition, 204 
Norsk Aluminium Company, 72, 133, 

1:53; capacity, 96, 290 
North British Aluminium Company, 89 
Northern Aluminum Company, plants 

and capacity, 25, 96; participation in 
agreements and, cartels, 37, II7, 126, 
547-548; name changed, 74 

Norton Company, 104-105, 107, 550, 552 

Oersted, Hans C., 504-505 
Oligopoly, see Monopoly elements 
Ore, see Bauxite and Low-grade ores 
Output, ideal, 209 
Outsiders, 121-124, 158, 163-164, 273-

275 
Overinvestment, 174-175, 204-208, 212, 

216, 222, 272-273, 332, 344, .. 351, 387, 
389, 392-393, 47°, 491-497 ' 

Pacz, Aladar, 55, 256-257 
Patents, infringement suits, 's, 530-537; 

,relation to monopoly, 6, 101, u8, 537; 
expiration, 6, 29, 101-102, 120; alumi
num nitride, II7; Bradley, 5-6, 29, 
101-102, 531-537; Cowles, 530; Hart, 
5-6, 101, 530-531; Heroult, 1I8, 512 

Pennsylvania Salt Manufacturing, Com
pany, 104, 107,550-552 

Pistons, aluminum alloy, 23, 45, 55-57, 
62, 214; Nelson, 57 

Pittsburgh Reduction Company, forma
tion, 5. 529; acquisition of bauxite, 
24-25; ,patent litigation, 530-537; 
name changed to Aluminum Company 
of America, 26 

Pittsburgh Reduction Company v. 
Cowles Electric Smelting and Alumi
num Company, 530-531, 536 

Potential competition, 101-102, 120, 129-
136, 140, 150-152, 236-237, 258-259, 
289, 298, 401, 437-441• 
See also Entry 

Power plants 
Austria: Lend, 34, 37, 40, 269; 

Rauris, 34, 40, 269; 
Canada: Cedar Rapids, III; Chute

a-Caron, 149, 299; Isle Maligne, 73-
74, 77, 149-150; Shawinigan, 25, 41; 

France: Auzat, 41, I2I; Beyrede, 88, 
1:21, 270; Calypso, 37, 41; Chedde, 41, 
121; L'Argentiere, 37, 40, 270; La 
Praz, 37, 40; La Saussaz, 37, 40; Les 
CIavaux, 88; Premont, 41; Rioupe.. 

. roux, 88; Sabart, 88; St. Auban, 88; 
St. Felix, 37, 41; St. J ean-de-Mauri
enne, 37, 41, 270; Venthon, 88, I2I, 

270; 
Germany: Inn River, 83-84, 292; 

Lauta,. 83-84; Rheinfelden, 34, 37, 40, 
269; 

Great Britain: Dolgarrog, 41, 120; 
Foyers, 36, 37, 40; Kinlochleven, 41, 
269; Lochaber. 88; ;I55, 292, 302; , 

Italy: Bussi, 41; Cismon, 92; Mori, 
92 ; 

Norway: Eydehavn, 87; Glomfjord, 
89; Hoyanger, 72; Otterdal, 120; 
Stangfjord, 38, 41; Tyssedal, 87; 

Russia: Dnieper, 89; Kamensk,89; 
Rion, 89; Swanka, 89; 

Switzerland: Borgne, 40; Martigny, 
40, 120; Navizance, 37, 49; Neuhau
sen, 33, 37, 40, 269; Rhone, 40; 

United States: Calderwood, Tenn., 
77; Cheoah,Tenn., 29, 77, 213; High 
Rock, N. C., 77; Massena, N. Y., 26, 
41; Niagara Falls, ,12, 26, 41 j Santeet
lah, Tenn., 77, 149 

Price control, see Monopoly elements 
Price differentials, materials, and prod

ucts, 349, 379-395, 437-440, 445-447, 
45~55, 461, 469, 473-475, 478, 481-
483, 486-498; scrap and virgin, 446-
451, 457-458, 461, 473 

Price discrimination, alloys, 2 I 8, 222, 
390-391, 393; competitive methods, 
405, 417-421, 488, 498, 553; in de
pression, 315-316, 322, 327, 329; geo
graphical, 221, 299, 304; government 
control, 357, 486-490, 496, 498; price 
differentials, 218-220, 380-381, 386, 
389-394, 486-490; price structure, 217-
224, 252, 297, 322, 327, 386, 389-394, 
396,477 



INDEX 597 
Price ratios, aluminum and copper, 17, 

244-246, 288; aluminum and tin, 17; 
aluminum and zinc, 17; aluminum and 
a DODlerrous index, 244-246 

Price stabilization, 38-39, 42, 161, 174, 
313, 317-3U, 326-327, 332 

Price, Sir William, 132 
Prices, aluminum 

United States: Aluminum Company 
of America, 9, 13-17, 33, 43, 112, 159, 
167, 220, 238-"241, 244-247, 249-256, 
316-321, 326-327, 329, 382-384, 388, 
530; open market, 43, IU, 159, 239, 
242, 244, 316-318, 326-327; forago 
aluminum, 159, 239, 244, 317-318; 
scrap, 457-458; sheet, 382-384, 388-
389; 

Europe: 93-94, 158-159, 162, 167, 
221, 24~41, 246, 265, 268, 27~76, 
283-288, 291, 293, 296-300, 316, 318, 
321-322, 329; cartel, 38-39, 42, 240-
241, 265, 287; France, 281, 299, 322; 
Germany, 288, 299,322; Great Britain, 
288, 321; Russia, 322; 

Orient, 221 . 
Prices, copper, IS, 158, 245, 288 
Primorske Bauxite Dioni'co Drus'tvo, 71 
Processes of aluminum reduction, I •• Re-

duction of aluminum 
Production control, I.. Monopoly ele

ments 
Profits, I.e Earnings 
Progressiveness, alloys, 45~o, 255-259, 

291, 297-298; cost reductions, 248-
250; improvements, 52-54; 212, 255-
259; new products, 5~8, 256-258, 
291, 297-298, 344-347; relation to in
tegration, 187; relation to size of firm, 
201-202, 348; attempts to utilize low
grade ores, 148; sheet, 254 

Pure competition, 173 

Quebec: Aluminium Company, 135 
Quebec Development Company, 132-133 

Railroads, use of aluminum, 63~5, 68 
Rationalization, J 74-1 76, lBo, 208-209, 

263, 273, 313, 330 
Reduction of aluminum, chemical proc

ess, 4t 506; eIectrolytic processes, 4-5, 
7-8, 1~191, 50 S, 511-513, 516-$18, 
527-537 

Reduction plants 
Austria: Lend, 97; Steeg, 97, 153; 
Canada: AJvida,74,96, 149; Shaw

hrlgan Falls, 25, 96, III; 

France: Auzat, 96, 120, 123; Bey
rede, 96, 120, 123; Chedde, 96, 120, 
123; Calypso, 96; L'Argentiere, 96; 
La Prax, 96; La Saussaz, 96; Les Cla
vallX, 97; Premont, 97, 120, 123; 
RiouperollX, 88, 96; Sabart, 88, 96; St. 
Auban, 88, 96; St. Jean, 96; St. 
Michel-de-Maurienne, 34; Venthon, 
88,97; 

Germany: Bitterfeld, 84, 97; Erft
werk, 83-84, 96, 294; Innwerk, 96, 
292; Lautawerk, 83-84, 96; Rhein
felden, 84, 97; 

Great Britain: Dolgarrog, 97, 120, 
123; Foyers, 36, 97; Kinlochleven, 97; 
Lochaber, 97; 

Hungary: Csepel, 93, 97, 153; 
Italy: Borgofranco, 92, 96; Bussi, 

91, 120, 123; Marghera, 92, 97; Mori, 
92,97,139; 

Japan, 93, 97; 
Norway: Eydehavn, 87, 96; Glom

fjord, 97; Hoyanger, 72, 96; Stang
fjord, 97; Tysse, 87, 96; Vigelands, 
97; 

Russia, 97; 
Spain: Sabinanigo, 96; 
Sweden: Mansbo, 96; 
Switzerland: Cbippis, 37, 97, 292; 

Martigny, 97, 120, 123; Neubausen, 
97; 

United States: Alcoa, Tenn., 28, 96, 
III; Badin, N. C., 29, 96, 149; Mas
Bena, N. Y., 26, 28, 96, III; Niagara 
Falls, 12, 25, 96 

Refining aluminum, Hoopes process, 54, 
217 . 

Reinvestment of earnings, 175, 290. 
S •• also individual companies 

Republic Carbon Company, 131 
Republic Mining and Manufacturing 

Company, 81, 104-105 
Research, alloys, 22, 4 7~0; auto bodies, 

254-255; coloring, 53; corrosion re
sistance, 52-54; fabricating technique, 
54; heat treatment, 49-50; use of low
grade ores, 86, 92-93, 148; pistons, 
55-57; refining, 54; command of 
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funds, 347-349; company staffs, 47, 
50-59, 256-257; government bureaus, 
47, 49-50, 52, 54-55, 59, 256-257; in
fluence of aviation, 46-47, 50; influ
ence of World War, 46-47, 50; relation 
to integration, 187; relation to size of 
firm, 201-202, 348 

Rheinisch-Westfiili~ches Elektrizitiits
werk A. G., 83-84 

Rolling mills, Germany, 196-197; Switz
erland, 196-197; United States, II, 79, 
196-197, 370-371, 386, 433, 437 

Rosenhain, Walter, 50, 54, 256 
Russia, aluminum capacity, 89, 98; alu

Ininum in second five-year plan, 89-90 

Saguenay Power Company, 74, 77 
St. Lawrence River Power Company, 26, 

80 
St. Lawrence Valley Power Corporation, 

80-81 
Sales control, see Monopoly elements 
Scale of investment, definition, 176; best 

scale, 189; integration and fitting 
scales, 177-179, 200; relation to mo
nopoly, 189-203, 485; relation to re
search and progressiveness, 201-202, 
348; bauxite mining, 195 j extraction 
of alumina, 193-195; power, 191-193; 
reduction of aluminum, 190-192; roll
ing, 195-196; castings, 443; utensils, 
408 

Scbweizeriscbe Metallurgiscbe Gesell
scbaft, II8, 512 

Scrap aluminum, 43, 326, 376; competi
tive methods, 444-462, 473 

Secondary aluminum, u5, 247, 253, 319, 
326-327,376,443,450,487,572 

Self-sufficiency, see Nationalistic policies 
Shawinigan Water and Power Company, 

74 
·Sheet, in. automobiles, 254; cost, 387-

390; sources' of materials, 376-379; 
oligopolY,374-376; new ventures, 375; 
potential competition, 374; ingot
sheet price differential, 379-395, 43 7-
440; sales data, 251-252, 384-385 

Sheet Aluminum Corporation, 51, 375, 
378, 386, 480 

Sherman Act, see Antitrust laws 
Single-firm monopoly; see Monopoly ele

ments 

Size of firm, see Scale of investment 
Societa Anonyma Mineraria Triestina, 

71 
Societa Anonyma Veneta dell'Alluminio, 

92,97 
Societa dell'Alluminio Italiano, 73, 92, 

96 
Societa Italiano dell' Alluminio, 91, 97 
Societe Anonyme des Forces Motrices du 

Beam, 73, 87 
Societe des Bauxites de France, II9 
Societe d'Electrocbimie, d'Electrometal

lurgie et des Acieries Electriques 
d'Ugine, 87-88, 97, 122 

Societe Electrometallurgique Fran~aise 
(Froges), formation, 6, 513; acquisi
tion of bauxite, 34; capacity, 37, 40; 
horizontal expansion, 37, 265; integra
tion, 34; participation in cartels, 36, 
II9, 125; merger with Compagnie 
Alais,87; 

finance: investment, 267-268; earn
ings, 267-268; dividends, 268; depre
ciation, 267-268; 

plants: aluInina, 34; power, 34, 37, 
40; electrode, 34; reduction, 40 

Societe Electrometallurgique du Sud-Est, 
121-122, 269 

Societe des Forces Motrices et Usines de 
l'Arve, IU-IU 

Societe Generale des NitrureS, II7, 126 
Societe Industrielle de l' Aluminium, 34 
Societe des Produits Electrochimiques et 

Metallurgiques des Pyrenees, 121-122, 
269 

Southern Aluminium Company, III-II2, 
lIS-II 7 

Steam power, Germany, 83,144 
Steamship, aluminum alloy, 65 
Steel, competition with aluminum, 48-49, 

52, 62-63, 214-215, 254-255, 390-391, 
436 

Stem und Hafferl, 153, 158 
Stocks, aluminum, 94, 163, 167, 272, 293, 

300,317, 3aI, 327; control, see Monop
oly elements 

Structure of industry, 176 
Supply cbaracteristics, 211-212 
Surinaamsche Bauxite Maatscbappij, 71, 

74 

Tallassee Power Company, 26 



INDEX 599 
Tapok.za Mining Company, 84 
Tarilf, ,ee Import duties 
Tennessee Valley Authority, control of 

hydroelectric development, 78; experi
ments on use of low-grade ores, 148 

Thennit, 19, 257 
Tin, competition with aluminum, 17-18, 

67 
Transmission lines, 15-16, 63-64, 66-67; 

,ee also Electric cable 

UihIein venture, 129""131, 151 
U nc:ertainties, demand, 300, 306, 336-

339, 342; indirect effects of policies, 
298 

Underinvestment, 174. 204-205, 263, 271, 
273, 296-297, 344 

Underutilization, 174, 208, 212, 216, 225, 
258, 260, 263, 265-266, 289-294, 314, 
316-320, 323-324, 327-328, 340-341; 
reasons for, 205-209 

Unfair methods of competition, lee Com-
petitive methods 

Union des Bauxites de France, II9 
Union Development Company, 26 
United Smelting and Aluminum Com-

pany, 370-371. 375,378.384 
United Stoles v. Aluminum Compon, 01 

A ffHlriaJ, ,e, Consent decree 
United States Aluminum Company, 24, 

27.80, 373, 397.408.444.463 
United States Bureau of StandaIds. So, 

5' 
Uses of Aluminum, 10-23,33, 44-68, 2%4-

215, 390, 512 

Variations of product. 175, 210-211, 255-
'59, 344-347, 351 

Vereinigte Aluminiumwerke A. G., for
mation, 83; acquisition of bauxite. 
8.., 139; capacity. 94-<)6. 290, 292, 
305; horizontal expansion, 94-95, 292; 

integration, 84; costs, 85; foreign 
properties, 84, 91; government pro
tection. 153-154; participation in car
tels, 93-94, 158, 163; products other 
than aluminum. 85; progressiveness. 
51,53 ; 

finance: investment, 279, 283-286; 
earnings, 279, 283-286, 323; deprecia
tion, 284-285,323; ownership of stock. 
83-84; 

plants: alumina, 84; reduction, 83-
84, 96; electrode, 84 

Vereinigte Industrieuntemebmungen A. 
G., 84 

Vereinigte Leichtmetallwerke, S3 
Vickers Sons and Maxim, 50 

Water power, costs. 142-144, 185-186, 
191-192, 202, 26g, 289; site character
istics, 191-192; ownersbip, 25-29, 33-
34,36-38.72-74, 7Hl, 132-137, 144; 
Austria, 32; Europe, 289; France, 31, 
1I9; Germany, 32,127; Great Britain, 
32,289; Norway, 32,72, II9, 144, 186, 
28g; Switzerland. 32, tIg; Canada, 25, 
32, 73-74, 132-137, 143, ISO, 185-186, 
28g; Niagara Falls, 12, 131, 185, 520; 
North Carolina, ISO; St. Lawrence 
River, 26, 80-81, 186, 192; Tennessee, 
26-27, 78-79, ISO, 186, 213; Wash
ington, 185. 
See also Power plants 

Wilm. Alfred, 22, 49, 256 
Willson, Thomas L., 514, 520 
Wire, see Electric cable j Transmission' 

lines 
Wohler, Friedrich, 50S 

Zeppelinwerke, So 
Zinc:, competition with aluminum, 17-18, 
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